Receiver function imaging of the 410 and 660 km discontinuities and seismic azimuthal anisotropy revealed by shear wave splitting beneath the Australian continent by Ba, Kailun
Scholars' Mine 
Doctoral Dissertations Student Theses and Dissertations 
Summer 2021 
Receiver function imaging of the 410 and 660 km discontinuities 
and seismic azimuthal anisotropy revealed by shear wave 
splitting beneath the Australian continent 
Kailun Ba 
Follow this and additional works at: https://scholarsmine.mst.edu/doctoral_dissertations 
 Part of the Geophysics and Seismology Commons 
Department: Geosciences and Geological and Petroleum Engineering 
Recommended Citation 
Ba, Kailun, "Receiver function imaging of the 410 and 660 km discontinuities and seismic azimuthal 
anisotropy revealed by shear wave splitting beneath the Australian continent" (2021). Doctoral 
Dissertations. 2998. 
https://scholarsmine.mst.edu/doctoral_dissertations/2998 
This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This 
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 
RECEIVER FUNCTION IMAGING OF THE 410 AND 660 KM DISCONTINUITIES
AND SEISMIC AZIMUTHAL ANISOTROPY REVEALED BY SHEAR WAVE 




Presented to the Graduate Faculty of the 
MISSOURI UNIVERSITY OF SCIENCE AND TECHNOLOGY 
In Partial Fulfillment of the Requirements for the Degree 
DOCTOR OF PHILOSOPHY 
in
GEOLOGY AND GEOPHYSICS 
2021
Approved by:
Stephen S. Gao, Advisor 
Kelly H. Liu 
Wan Yang







This dissertation consists of the following two articles, formatted in the style used 
by the Missouri University of Science and Technology:
Paper I, found on pages 4-33, has been published in Geophysical Journal 
International.




The Australian continent is composed the of Precambrian cratons in the west and 
Phanerozolc orogens in the east. Despite numerous seismological studies, controversies 
remain regarding the structure, evolution, and dynamics of the crust and mantle beneath 
Australia. In this study, we used two techniques, receiver functions and shear wave 
splitting analyses, to investigate the topography of the mantle transition zone (MTZ) 
discontinuities and mantle seismic azimuthal anisotropy, respectively. We utilized P-to-S 
receiver functions to map the 410 and 660 km discontinuities bordering the MTZ. The 
discontinuity depths obtained show a systematic apparent uplifting for both 
discontinuities in central and western Australia. The abnormally thick MTZ beneath 
eastern Australia can be adequately explained by subducted cold slabs in the MTZ. A 
localized normal thickness of the MTZ beneath the Newer Volcanics Province provides 
supporting evidence of a non-mantle-plume origin for the intraplate volcanic activities. 
Application of the shear wave splitting technique revealed systematic spatial variations of 
seismic azimuthal anisotropy. The South Australian Craton and the orogenic belt north of 
it possess strong E-W oriented lithospheric anisotropy, while absolute plate motion 
(APM) induced N-S oriented anisotropy dominates in the North Australian Craton. The 
western, southern, and eastern margins of the continent are dominated by root-deflected 
mantle flow. The relative strength and approximate orthogonality of the APM induced 
anisotropy and frozen-in lithospheric fabrics provide a viable explanation for the puzzling 




I would like to express my sincere gratitude to my academic advisor Prof. Stephen
S. Gao for teaching and guiding me during these past five years. Without his guidence, I 
can not finish this dissertation and make the progress in my academic life. He is very 
helpful and provides very useful siggestions not only on the research but also life and 
career. I learned how to be an excellent professor from his attitude toward work and daily 
behavior.
I am also indebted to my co-advisor, Prof. Kelly H. Liu. She is very friendly and 
helpful in enhancing my paper writing skills and enriching my knowledge. I also 
appreciate my dissertation committee: Prof. Wan Yang, Jonatha Obrist Farner, and 
Jianguo Song for providing valuable scientific advice and criticisms. They are very kind 
and have greatly broadened my knowledge base.
I am thankful to my colleagues and friends in the Geophysics Group who helped 
me a lot during the past five years. Their help and kindness made the study life easier and 
enjoyable. I also want to thank previous members in our group, Drs. Lin Liu, Fansheng 
Kong, and Muchen Sun, for their very insightful suggestions and productive discussions 
to my research and future career.
Finally, I want to give very special thanks to my family. I greatly thank to my 
mom and dad, who supported me to study here for a long time and gave me confidence to 
continue making progress in my work. Without their understanding and supporting, I can 
not finish the PhD study.
TABLE OF CONTENTS
Page
PUBLICATION DISSERTATION OPTION................................................................... iii
ABSTRACT....................................................................................................................... iv
ACKNOWLEDGMENTS.................................................................................................. v
LIST OF ILLUSTRATIONS............................................................................................. ix





I. RECEIVER FUNCTION IMAGING OF THE 410 AND 660 KM 
DISCONTINUITIES BENEATH THE AUSTRALIAN CONTINENT................... 4
ABSTRACT ..................................................................................................................  4
1. INTRODUCTION...................................................................................................... 5
2. DATA AND METHODS........................................................................................... 9
3. RESULTS..................................................................................................................12
3.1 APPARENT DEPTHS OF THE MTZ DISCONTINUITIES............................14
3.2 WAVESPEED-CORRECTED DEPTHS.......................................................... 16
4. DISCUSSION .........................................................................................................  20
4.1 POSSIBLE INFLUENCE OF THE THICK LITHOSPHERE BENEATH
THE WEST AUSTRALIAN CRATON ON MTZ TEMPERATURE............. 21
4.2 COLD SLABS IN THE LOWER MTZ BENEATH EASTERN
AUSTRALIA....................................................................................................  24
vi






II. SEISMIC AZIMUTHAL ANISOTROPY BENEATH AUSTRALIA FROM
SHEAR WAVE SPLITTING ANALYSES............................................................ 34
ABSTRACT ................................................................................................................  34
1. INTRODUCTION.................................................................................................... 35
1.1 TECTONIC SETTING...................................................................................... 35
1.2 MANTLE STRUCTURE.................................................................................. 36
1.3 PREVIOUS SWS STUDIES............................................................................. 37
1.4 RATIONALE OF THE PRESENT STUDY..................................................... 39
2. DATA AND METHODS......................................................................................... 41
3. RESULTS................................................................................................................  43
3.1 REGION A ........................................................................................................ 44
3.2 REGION B......................................................................................................... 45
3.3 REGION C......................................................................................................... 46
3.4 REGION D ........................................................................................................ 47
3.5 REGION E ......................................................................................................... 49
4. DISCUSSION.......................................................................................................... 50
4.1 ESTIMATION OF THE ANISOTROPY DEPTH............................................ 50
4.2 COMPARISON WITH RESULTS FROM REGIONAL AND GLOBALE
SURFACE WAVE TOMOGRAPHY............................................................... 52
vii
4.3 APM-INDUCED ANISOTROPY OBSERVED BENEATH AUSTRALIA.... 55
4.4 LITHOSPHERIC FABRIC CONTRIBUTIONS AND MODULATION OF














1. Broadband seismic stations (white triangles) used in this study, and major tectonic
boundaries (blue and black lines) of Australia (Betts et al. 2002)................................8
2. An azimuthal equidistant projection map showing events (dots) used in the study.... 10
3. Distribution of the center of radius= 1o circular bins (circles).......................................13
4. Results of stacking the RFs along three latitudinal profiles (20o S, 30o S, and 39o S).. 13
5. (a) Resulting d410 apparent depths. (b) d660 apparent depths. (c) MTZ thickness.... 15
6. The d410 apparent depths plotted against the d660 apparent depths...........................16
7. Same as Figure 5 but for the corrected depths based on the AuSREM model.............. 19
8. Same as Figure 6 but for the wavespeed corrected depths using the AuSREM model. 20
9. Same as Figure 5 but for the corrected depths based on the TX2019VpVs model......23
PAPER II
1. A topographic map of the Australian continent showing major tectonic provinces 
(Betts et al., 2002) and previous SWS measurements................................................ 40
2. (a) Azimuthal equidistant projection map showing the spatial distributions of seismic 
events (circles) that provided one or more well-defined measurements (Quality A or 
B) in this study. (b) A histogram and rose diagram showing the distribution of the
back azimuth of XKS measurements (Red: SKS; green: SKKS; and blue: PKS)...... 42
3. Individual XKS measurements plotted above the ray-piercing points at 200 km.
Triangles represent seismic stations with well-defined measurements.......................44
4. Station averaged XKS measurements.......................................................................... 46
5. Absolute differences between the fast orientations and APM directions of the
Australian continent based on the NNR-MORVEL56 model (Argus et al., 2011).... 48
6. Spatial distribution of splitting times produced by averaging the individual splitting 
time at ray piercing points of 200 km deep in overlapping 1o by 1o blocks with a 
moving step of 0.1o......................................................................................................48
x
7. Observed null measurements and station averaged XKS measurements plotted above
the ray-piercing points at 200 km................................................................................. 50
8. Spatial variation factors plotted against assumed anisotropy depth using a bin size of
0.4o (Gao & Liu, 2012) for the (a) central and (b) southeastern part of the Australian 
continent........................................................................................................................52






1. Resulting apparent and wavespeed-corrected d410 and d660 depths and MTZ 





















Epicentral distance in degree 
cutoff magnitude 
Focal depth in kilometer
Maximum absolute amplitude on the vertical component









The Australian continent is a component of the Indo-Australian Plate, which was 
formed after the Permian breakup of Gondwana. The central and western portions of the 
Australian continent include three Archean-Proterozoic tectonic blocks: North Australian 
Craton, West Australian Craton, and South Australian Craton (Pirajno & Bagas 2008). 
The eastern part of the continent consists of a number of younger units formed in the 
Phanerozoic that are collectively called Tasmanides (Betts et al. 2002; Direen & 
Crawford 2003).
Most of the controversies are associated with the limited vertical resolving power 
of the seismic tomographic techniques. As demonstrated by numerous previous studies, 
the depth undulations of the 410 (d410) and 660 (d660) km discontinuities bordering the 
MTZ are functions of lateral variations of temperature and water content anomalies in the 
vicinity of the MTZ. The d410 and d660 represent olivine to wadsleyite and ringwoodite 
to bridgmanite and ferropericlase phase transitions, respectively (Ringwood 1975; 
Tschauner et al. 2014). The phase transition at the d410 has a positive Clapeyron slope 
and that at the d660 has a negative slope. If the temperature at the d660 increases to more 
than 1800°C, the phase transition at the d660 becomes the transition from majorite to 
perovskite which is characterized by a positive Clapeyron o f+1.0 MPa/K (Hirose 2002). 
Additionally, water in the MTZ reduces the sharpness of the discontinuities and leads to 
uplifted d410 and depressed d660 (Litasov et al. 2005). Increasing water content also 
results in reduction in seismic velocities (Wang et al. 2018).
In this study, we utilize a data set of more than 37,500 high-quality receiver 
functions, which represents an approximately 20-fold increase over the most recent MTZ 
studies in the area (Lebedev et al. 2003; Lawrence & Shearer 2006), to constrain the 
depths of the d410 and d660 beneath the Australian continent. The study is aimed at 
understanding the wavespeed and thermal structure of the lower upper mantle and MTZ 
and providing constraints on the existence of subducted slabs and mantle upwelling that 
might be responsible for the widespread volcanism in eastern Australia.
One of the most common-used seismic techniques to study seismic azimuthal 
anisotropy is shear-wave splitting (SWS) analysis (Hess, 1964; Silver and Chan, 1991). 
When a polarized shear wave travels through an anisotropic medium, it splits into two 
quasi-shear waves with orthogonal polarization orientations and propagate with different 
speeds. The P-to-S converted phases at the core-mantle boundary (PKS, SKKS, and 
SKS, hereafter collectively called XKS) are commonly used to determine the anisotropy 
of the crust and upper mantle beneath the stations (e.g., Silver & Chan, 1991; Gao et al., 
1994; Heintz & Kennett, 2005). Two XKS splitting parameters, including the polarization 
orientation of the fast wave (fast orientation or ^) and the arrival time difference between 
the fast and slow waves (splitting time or dt), are measured to quantify the orientation and 
strength of the seismic azimuthal anisotropy, respectively.
The Australian continent is a fast movement continent with a N to NNE direction 
in the fixed Pacific hotspot and no-net-rotation reference frames (Gripp & Gordon, 2002; 
Argus et al., 2011), with a rate of ~85 mm/yr. If such a fast plate motion rate corresponds 
to a large relative movement between the lithosphere and the underlain asthenosphere, as 
it is frequently assumed (Silver, 1996; Conrad & Behn, 2010), strong N-S or NNE-SSW
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oriented azimuthal seismic anisotropy is expected due to the significant simple shear 
developed in the rheologically transitional layer between the two layers. However, as 
mentioned above, previous shear wave splitting measurements (Vinnik et al., 1992; 
Barruol & Hoffman, 1999; Heintz & Kennett, 2005; Heintz & Kennet, 2006; Bello et al., 
2019) reported spatially varying and weaker than normal anisotropy in Australia. 
Exploring the causes of this apparent controversy is not only important to understanding 
the formation mechanisms of seismic anisotropy, but may also provide valuable 
information about mantle structure and dynamics. Additionally, from an observational 
point of view, the vast majority of previous studies reported their measurements in the 
form of station-averaged splitting parameters, which are only valid when the anisotropic 
structure beneath the station can be considered as “simple” which is characterized by 
individual splitting parameters that are not varying systematically as a function of the 
back-azimuth of the events (Silver and Chan, 1991; Silver and Savage, 1994). Finally, as 
demonstrated below, the individual splitting parameters can be used to estimate the depth 
of the source of the observed anisotropy (Liu and Gao, 2011), a practice that has not been 
applied to Australia.
In this study, seismic azimuthal anisotropy beneath Australia is quantified using 
splitting of the teleseismic SKS, SKKS, and PKS ("XKS") phases to investigate 
asthenospheric flow and lithospheric deformation beneath one of the oldest and fast- 
moving continents on Earth. A total of 511 well-defined individual measurements 
(Quality A or B) were observed at 116 stations, including 436 from 74 IRIS stations and
3
75 from 42 AusPass stations.
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PAPER
I. RECEIVER FUNCTION IMAGING OF THE 410 AND 660 KM 
DISCONTINUITIES BENEATH THE AUSTRALIAN CONTINENT
ABSTRACT
To provide constraints on a number of significant controversial issues related to 
the structure and dynamics of the Australian continent, we utilize P-to-S receiver 
functions (RFs) recorded by 182 stations to map the 410 and 660 km discontinuities 
(d410 and d660, respectively) bordering the mantle transition zone (MTZ). The RFs are 
stacked in successive circular bins with a radius of 1o under a non-plane wavefront 
assumption. The d410 and d660 depths obtained using the 1-D IASP91 Earth model show 
a systematic apparent uplifting of about 15 km for both discontinuities in central and 
western Australia relative to eastern Australia, as the result of higher seismic wavespeeds 
in the upper mantle beneath the former area. After correcting the apparent depths using 
the Australian Seismological Reference Model, the d410 depths beneath the West 
Australia Craton are depressed by ~10 km on average relative to the normal depth of 410 
km, indicating a positive thermal anomaly of 100 K at the top of the MTZ which could 
represent a transition from a thinner than normal MTZ beneath the Indian ocean and the 
normal MTZ beneath central Australia. The abnormally thick MTZ beneath eastern 
Australia can be adequately explained by subducted cold slabs in the MTZ. A localized 
normal thickness of the MTZ beneath the Newer Volcanics Province provides supporting 




The Australian continent (Figure 1) is a component of the Indo-Australian Plate, 
which was formed after the Permian breakup of Gondwana. At the present time, the 
continent is moving northward at a rate of 83 mm/yr in a fixed-hotspot frame (Gripp & 
Gordon 2002). The central and western portions of the Australian continent include three 
Archean-Proterozoic tectonic blocks (Pirajno & Bagas 2008): the North Australian 
Craton, West Australian Craton, and South Australian Craton (Figure 1). The eastern part 
of the continent consists of a number of younger units formed in the Phanerozoic that are 
collectively called Tasmanides (Betts et al. 2002; Direen & Crawford 2003).
Recent seismic tomography studies of the crust and upper mantle beneath the 
Australian continent and the topography of the lithosphere-asthenosphere boundary 
(LAB) indicate significant differences in wavespeeds and lithospheric thickness between 
the cratonic regions and younger orogenic belts (Figure 1) (Yoshizawa & Kennett 2004; 
Fishwick et al. 2005; Conrad & Lithgow-Bertelloni 2006; Fishwick & Reading 2008; 
Fichtner et al. 2009; Kennett et al. 2012; Rawlinson & Fishwick 2012; Yoshizawa & 
Kennett 2015). The depth of the LAB is greater than 200 km beneath the cratonic blocks, 
and reduces to about 100 km beneath the eastern margin of the continent (Conrad & 
Lithgow-Bertelloni 2006). Beneath the northeastern and eastern portions of the 
continent, seismic tomography images indicate the existence of high wavespeed 
anomalies in the lower portion of the upper mantle and the mantle transition zone (MTZ), 
which are attributed to former subduction systems (Hall & Spakman 2002; Simmons et 
al. 2012). In particular, the large anomaly beneath northeastern Australia in the lower part
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of the upper mantle is interpreted to be the remnant of Pacific plate subducted beneath the 
Melanesian arc between 45 and 25 Ma (Hall & Spakman 2002). However, due to the 
limited vertical resolution of the tomographic techniques and possible vertical smearing, 
whether the high wavespeed anomalies extend to the MTZ remains controversial (Hall & 
Spakman 2002; Fichtner et al. 2009).
Another debated issue related to the structure and evolution of the Australian 
continent is the origin of intraplate volcanic activities in eastern Australia. The age of the 
volcanic rocks ranges from 4.5 Ma to younger than 5 kyr (Davies & Rawlinson 2014), 
and their origin is debated. Some studies attribute the volcanism to edge-driven 
convention associated with lithospheric thickness variations (Demidjuk et al. 2007; 
Davies & Rawlinson 2014), while others propose that the magmas were generated by 
decompression melting (Demidjuk et al. 2007; Holt et al. 2013; Davies & Rawlinson 
2014; Rawlinson et al. 2017). Another hypothesis associates the volcanism to a possible 
mantle plume that is responsible for producing the longest continental volcanic chain (the 
Cosgrove track) on Earth (Figure 1; Montelli et al. 2006; Davies et al. 2015).
Most of the controversies are associated with the limited vertical resolving power 
of the seismic tomographic techniques (Foulger et al. 2013). As demonstrated by 
numerous previous studies (Anderson 1967; Flanagan & Shearer 1998; Litasov et al.
2005), the depth undulations of the 410 (d410) and 660 (d660) km discontinuities 
bordering the MTZ are functions of lateral variations of temperature and water content 
anomalies in the vicinity of the MTZ. Consequently, measured depths of the d410 and 
d660 have been utilized to provide independent constraints on various important 
controversial issues related to the structure and dynamics of the upper mantle and the
MTZ, such as the depth extent of temperature perturbation of cold cratonic keels 
(Knapmeyer-Endrun et al. 2013; Sun et al. 2018; Makushkina et al. 2019), existence and 
geometry of subducted oceanic slabs in the MTZ (Dahm et al. 2017; Yu et al. 2017; 
Taylor et al. 2018; Lai et al. 2019; van Stiphout 2019), and the presence of thermal 
upwelling through the MTZ (Reed et al. 2016; Dahm et al. 2017; Kaviani et al. 2018). 
The d410 and d660 represent olivine to wadsleyite and ringwoodite to bridgmanite and 
ferropericlase phase transitions, respectively (Ringwood 1975; Tschauner et al. 2014). 
The phase transition at the d410 has a positive Clapeyron slope and that at the d660 has a 
negative slope. If the temperature at the d660 increases to more than 1800°C, the phase 
transition at the d660 becomes the transition from majorite to perovskite which is 
characterized by a positive Clapeyron o f+1.0 MPa/K (Hirose 2002). Additionally, water 
in the MTZ reduces the sharpness of the discontinuities and leads to uplifted d410 and 
depressed d660 (Litasov et al. 2005). Increasing water content also results in reduction in 
seismic velocities (Wang et al. 2018).
The MTZ discontinuities beneath the Australian continent have been investigated 
by several studies (Flannagan & Shearer 1998; Lebedev et al. 2003; Lawrence & Shearer
2006). Using P-to-S receiver functions (RFs), Lebedev et al. (2003) measure MTZ 
thicknesses at 7 stations and report large departures of up to ±30 km from the globally 
averaged value of 250 km. As part of a global-scale study, Flannagan & Shearer (1998) 
indicate that the MTZ beneath eastern Australia is thicker than that beneath the western 
part. The global-scale study of Lawrence & Shearer (2006) includes 5 stations in 
Australia, and finds a normal MTZ thickness beneath most part of the Australian
7
continent.
In this study, we utilize a data set of more than 37,500 high-quality receiver 
functions, which represents an approximately 20-fold increase over the most recent MTZ 
studies in the area (Lebedev et al. 2003; Lawrence & Shearer 2006), to constrain the 
depths of the d410 and d660 beneath the Australian continent. The study is aimed at 
understanding the wavespeed and thermal structure of the lower upper mantle and MTZ 
and providing constraints on the existence of subducted slabs and mantle upwelling that 
might be responsible for the widespread volcanism in eastern Australia.
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Figure 1. Broadband seismic stations (white triangles) used in this study, and major 
tectonic boundaries (blue and black lines) of Australia (Betts et al. 2002). The red line 
represents the hotspot track (Davies et al. 2015), and the red volcanic symbol denotes the 
Newer Volcanics Province. The background image shows the depth of the lithosphere- 
asthenosphere boundary (Conrad et al. 2006).
9
2. DATA AND METHODS
The broadband seismic data used in the study were requested from the 
Incorporated Research Institutions for Seismology (IRIS) Data Management Center 
(DMC) and were recorded by stations located in the area of 10o S to 45o S and 110o E to 
155o E (Figure 1), over the period of 1985-2017. The epicentral distances of the 
teleseismic events range from 30o to 100o (Figure 2). To balance the quality and quantity 
of the requested data, we used cutoff magnitudes (Mc) determined by Mc = 5.2 + (A -  
30)/ (180 - 30) -  D/700, where A is the epicentral distance in degree and D is the depth of 
the earthquake in kilometer (Liu & Gao 2010).
The procedure used in this study for data processing, selection and stacking can 
be found in Gao & Liu (2014a) and is briefly outlined below. The seismograms were 
windowed 20 s before and 260 s after the first arrival time, calculated based on the 
IASP91 Earth model (Kennett & Engdahl 1991), and were filtered in the frequency band 
of 0.02 -  0.2 Hz using a 4-pole, 2-pass Bessel filter. Seismograms with a first arrival 
signal-to-noise ratio of 4.0 or larger on the vertical component were selected and 
converted into radial RFs using the frequency-domain deconvolution procedure 
(Clayton & Wiggins 1976; Ammon 1991). The signal-to-noise ratio was defined as 
|As|/|An|, where |As| is the maximum absolute amplitude on the vertical component in the 
time window of 2 s before and 2 s after the predicted P-wave first arrival using the 
IASP91 Earth model, and |An| is the mean absolute amplitude of noise in the time 
window of 10-20 s before the predicted P-wave first arrival (Gao & Liu 2014b). We used 
an exponential weighting function with a half-width of 30 s centered at the PP theoretical
arrival time to minimize the influence of the strong PP arrivals on the resulting RFs. A 
total of 37,524 RFs recorded by 182 stations from 5060 events were used in the study 
(Figure 2).
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Figure 2. An azimuthal equidistant projection map showing events (dots) used in the 
study. The color of the dots that have a 1° radius represents the number of RFs from
earthquakes.
The coordinates of the ray-piercing point for each of the RFs were calculated at 
535 km depth, which is the mean depth of the two MTZ discontinuities. RFs within the 
same 1-degree radius circular bins were then moveout corrected and stacked. The size of
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the circular bins is comparable to that of the first Fresnel zone for P-to-S converted waves 
at 535 km depth. For instance, assuming a dominant frequency of 0.1 Hz and using the 
shear wave velocities in the IASP91 Earth model, the radius of the first Fresnel zone of 
the P-to-S converted wave is 111.8 km which is almost exactly 1o The moveout 
correction takes into consideration of the ray-parameters dependence of the differential 
arrival times between the direct P wave and P-to-S converted wave (Dueker & Sheehan 
1998). Unlike most previous MTZ discontinuity studies, which assume a plane 
wavefront, this study assumes a non-plane wavefront which takes consideration of the 
slight difference in the ray parameters for the direct P and P-to-S converted phases, and 
consequently improves the accuracy of the predicted arrival times of the converted phase 
(Gao & Liu 2014a), leading to more accurately determined discontinuity depths and 
greater stacking amplitudes relative to approaches assuming a plane wavefront. We used 
the bootstrap resampling procedure with 50 iterations to estimate the mean and standard 
deviation (SD) of the discontinuity depths at each of the bins (Efron & Tibshirani 1986; 
Liu et al. 2003).
After automatic picking of the depths of the two discontinuities in the depth 
ranges of 390 to 450 km and 630 to 690 km for the d410 and d660, respectively, we 
manually checked the results and if necessary, adjusted the picking ranges and rejected 
bins with weak arrivals or ambiguous peaks. We initially used the 1-D IASP91 standard 
Earth model (Kennett & Engdahl 1991) to perform moveout corrections and time-depth 
conversion, and thus the resulting discontinuity depths are apparent rather than true 
depths. The resultant apparent depths of the discontinuities were subsequently corrected 
using the Australian Seismological Reference Model (AuSREM) (Kennett et al. 2012),
which includes both P and S wavespeeds in the depth range of 50 to 300 km, and the 
effects of crustal thickness variations in the 0-50 km depth range, to reduce the influence 
of upper mantle and crustal wavespeed anomalies on the observed depths using the 
procedure proposed by Gao & Liu (2014a).
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3. RESULTS
A total of 522 bins (Figure 3) with observable d410 or d660 peaks are obtained, 
among which 469 bins possess reliable peaks for both the d410 and d660. Figure 4 shows 
examples of the resulting depth series along three latitudinal lines. Similar plots for all 
the 33 latitudinal lines (from 10o S to 42o S with an increment of 1o) can be found in 
Figure S1. We used the continuous curvature surface gridding algorithm (Smith &
Wessel 1990) to generate continuous images for the discontinuity depths and MTZ 
thickness (Figure 5). The resulting apparent depths show a clear difference between the 
cratonic areas in central and western Australia and the younger units in eastern Australia, 
approximately separated by the 140o E longitudinal line (Figure 5).
13
Figure 3. Distribution of the center of radius= 1o circular bins (circles). The color of the 
circles represents the number of RFs inside the circular bins. The background image 
shows P-wavespeeds at 200 km depth in the AuSREM (Kennett et al. 2012).
20°S 30°S







Figure 4. Results of stacking the RFs along three latitudinal profiles (20o S, 30o S, and 
39o S). The black dots and error bars indicate the mean depths and standard deviations. 
The number atop each trace indicates the number of RFs in the bin. Note that the profile 
in (c) traverses the Newer Volcanics Province. The background image shows P-wave 
velocity anomalies relative to IASP91 (Lu et al. 2019).
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3.1 APPARENT DEPTHS OF THE MTZ DISCONTINUITIES
The average apparent depth of the d410 and d660 for the entire area is 407.5 ± 9.9 
km and 659.1 ± 13.5 km, respectively, and the mean MTZ thickness is 251.6 ± 8.5 km 
which is almost identical to the global average of 250 km in the IASP91 Earth model. In 
central and western Australia, the observed d410 apparent depths range from 385 to 424 
km, with a mean value of 401.3 ± 5.8 km. The corresponding values for the d660 are 632 
to 666 km and 650.1 ± 6.5 km, and the mean MTZ thickness is 248.1 ± 6.9 km. In eastern 
Australia, the d410 and the d660 apparent depths range from 395 to 442 km and 642 to 
698 km, respectively, and the mean depths are 415.6 ± 8.4 km and 671.8 ± 10.1 km, 
respectively, with a mean MTZ thickness of 255.3 ± 8.8 km (Figure 5).
The cross-correlation coefficient (XCC) between the apparent depths of the d410 
and d660 can be used to estimate the influence of wavespeed anomalies in the upper 
mantle on the observed depths, because they affect the apparent depths of both 
discontinuities equally (e.g., Flanagan & Shearer 1998; Gao & Liu 2014b). If the depth 
variations are entirely caused by temperature or water content anomalies in the MTZ, 
given the opposite sign of the Clapeyron slopes of the d410 and d660 and the opposite 
effects of water on the depth variation of the d410 and d660 (Litasov et al. 2005), a 
negative XCC is expected. The XCC of the apparent depths for the study area is 0.78 
(Figure 6), indicating that upper mantle wavespeed anomalies have a significant influence 
on the apparent depths of the discontinuities. This is consistent with the negative 
correlation (with a XCC of -0.72) between the apparent d410 depths and the Vp
anomalies in the AuREM mdoel.
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Figure 5. (a) Resulting d410 apparent depths. (b) d660 apparent depths. (c) MTZ 
thickness. The dashed line approximately separates the areas with shallower than normal 
discontinuities to the west and deeper than normal discontinuities to the east.
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Figure 6. The d410 apparent depths plotted against the d660 apparent depths. The gray 
line represents the line of best fit. XCC: Cross correlation coefficient.
3.2 WAVESPEED-CORRECTED DEPTHS
In order to make complete wavespeed corrections to the apparent depths of the 
d410 and d660, 3-D high resolution P and S wave velocity models extending from the 
surface to the bottom of the MTZ are required. To our knowledge, such models are not 
available for the study area. Arguably the most suitable existing velocity model for this 
purpose is AuSREM (Kennett et al. 2012), which has a P and an S wavespeed component 
and covers the entire study area. Unfortunately, the maximum depth in the model is 300 
km, with an interval depth of 25 km. Although the depth coverage of AuSREM is not
ideal, we have used it to perform wavespeed corrections to explore the possibility that 
wavespeed anomalies in the top 300 km are largely responsible for the observed lateral 
variations of the apparent depths. The procedure that we used for the correction is the 
same as that used in Gao & Liu (2014b) for making wavespeed corrections for the 
contiguous United States. To perform the correction, the mean velocity anomalies above 
300 km (which is the maximum depth of the AuSREM model) is firstly computed for 
each of the bins. Then Equation 2 in Gao and Liu (2014b) is used to convert the apparent 
depths of the d410 and d660 into true depths. After the correction, the mean depth of the 
d410 is 413.1 ± 7.6 km, that of the d660 is 664.7 ± 7.6 km, and the mean MTZ thickness 
remains as 251.6 ± 8.5 km because the velocity model does not extend to the MTZ 
(Figure 7). The XCC reduces from 0.78 to 0.38 (Figure 8), suggesting that wavespeed 
anomalies in the top 300 km play a significant role in the variations of the observed 
apparent depths of the MTZ discontinuities. Additionally, the ~15 km apparent difference 
between eastern Australia and the rest of the continent (Figure 5) has greatly reduced 
(Figure 7) after the correction, suggesting that AuSREM realistically reflects the true 
wavespeed structure of the study area. Only minor velocity anoamlies are suggested in 
the 300-410 km dpeth range beneath the study area in most global-scale tomography 
models (e.g., Lu et al. 2019).
Because the AuREM model has a maximum depth of 300 km, we next correct the 
apparent depths and MTZ thickness using a newly available global model, TX2019VpVs 
(Lu et al. 2019), which contains both P and S wave velocity anomalies relative to 
IASP91 for the surface to the core mantle boundary, to explore if there are significant 
velocity variations between 300 km and the d660. The resulting MTZ thickness (Figure
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9c) distribution is almost identical to that obtained using the AuREM model (Figure 7c). 
The corrected d410 and d660 depths using TX2019VpVs, on the other hand, are slightly 
deeper than normal for almost all of the study area, suggesting a possible over-correction. 
Given this fact and the similarities in the resulting corrected MTZ thickness distributions 
from the two models, in the following the corrected depths using AuREM are discussed.
The MTZ thickness and corrected d410 and d660 depths beneath central Australia 
are mostly comparable to the global averages (within ± 5 km; Figure 7). Beneath West 
Australian Craton (Region A in Figure 7), where the mean values of the corrected d410 
and d660 depths and the MTZ thickness are 420.2 ± 6.9 km, 664.4 ± 6.7 km, and 244.1 ± 
5.7 km, respectively (Table 1). The thinning of the MTZ is mostly caused by a greater 
depression of the d410 than the d660 (Figures 7a and 7b). The second region (Region B) 
includes eastern Australia except for the Newer Volcanics Province in SE Australia. In 
this area, the d660 shows a greater depression than the d410, with mean values of 412.5 ±
7.5 km and 668.4 ± 7.6 km, respectively, leading to a MTZ that is about 6 km thicker 
than the globally averaged value of 250 km. The third area that is dominated by 
anomalous d410 and d660 depths is the Newer Volcanics Province (Region C) which is 
characterized by a d410 that is 7 km deeper and a d660 that is similar to the normal 
values, resulting in an MTZ that is about 2 km thinner than normal. Note that for the two 
bins in Region C, the d660 depths have a 18 km (656 and 674) difference (Figure 4c).
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Figure 7. Same as Figure 5 but for the corrected depths based on the AuSREM model.
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Figure 8. Same as Figure 6 but for the wavespeed corrected depths using the AuSREM
model.
4. DISCUSSION
In this section, we utilize the corrected MTZ discontinuities depths to discuss the 
influence of the thick lithosphere on MTZ temperature beneath the West Australian 
Craton, possible existence of subducted oceanic slabs in the MTZ beneath eastern 
Australia, and provide constraints on the proposed mantle plume beneath the Newer 
Volcanics Province. Besides temperature anomalies, both water content and Fe/Mg ratio 
can also affect the depth of the discontinuities (Litasov et al. 2005; Frost 2008). For
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instance, a higher Fe content leads to a shallower d410. However, both higher water and 
Fe contents cause a broader phase transition across the discontinuities, leading to a 
reduction in the amplitude of the P-to-S converted phase. As shown in Figures 4 and S1- 
S33, no systematic spatial variations can be observed in the stacking amplitudes, 
suggesting that both water and Fe content anomalies do not play a significant role in the 
observed depth variations of the discontinuities.
4.1 POSSIBLE INFLUENCE OF THE THICK LITHOSPHERE BENEATH THE 
WEST AUSTRALIAN CRATON ON MTZ TEMPERATURE
The wavespeed corrected depths (Figure 7) show that both discontinuities are 
depressed beneath the West Australian Craton, and the d410 depresses about 6 km more 
than the d660, resulting in a thinner than normal MTZ by 6 km on average and a 
maximum value of 25 km. Under the assumption that the wavespeed correction for the 
upper 300 km using AuSREM is accurate, the depression of the d410 can be explained by 
a low wavespeed layer extending from 300 km to the middle of the MTZ and the 
corresponding higher-than-normal temperatures. If we assume a y factor, which is the 
relative S and P wavespeed anomaly ratio, of 2.0 (Gao & Liu 2014b) and a Clapeyron 
slope of +2.9 Mpa/K for the d410 (Bina & Helffrich 1994) and -1.3 MPa/K for the d660 
(Fei etal. 2004), a Vp anomaly of -0.56% in the depth range of 300-535 km would lead 
to an apparent depression of 2 and 4 km for the d410 and d660, respectively. Using the 
relationship of dVp/dT = -0.00048 km/(s*K) (Deal et al. 1999), the low-wavespeed 
anomaly corresponds to an approximately +100 K thermal anomaly. This positive 
thermal anomaly results in an 8 km depression of the d410. Thus, the net depression of 
the d410 is about 10 km and that of the d660 is about 4 km, which are consistent with the
observed results. One of the possible causes of the observation is that the thermal 
insulation effects of the thick lithosphere extending to the middle MTZ (Grigne & 
Labrosse 2001). However, while such effect has been proposed to explain 
tomographically imaged sub-lithospheric low wavespeeds beneath some cratonic areas 
such as North America (Porritt et al. 2015), its existence requires an insignificant 
displacement between the lithosphere and the underlain deeper mantle for an extended 
long period, which may not be possible given the relatively fast movement of the 
Australian continent since the breakup of the Gondwana. In addition, such a low velocity 
layer is not identified beneath most cratonic areas such as the Kaapvaal and Zimbabwe 
cratons using seismic tomography (Fouch et al. 2004) and receiver function stacking 
(Sun et al. 2018).
Another mechanism responsible for the observed MTZ thinning is an extension of 
the hotter MTZ beneath oceanic areas. Most previous studies involving both continental 
and oceanic areas (e.g., Gu & Dziewonski 2002; Flanagan & Shearer 1998) find that the 
MTZ beneath the oceanic areas is about 6-8 km thinner than the adjacent continental 
areas. The MTZ beneath the marginal areas of the continents is thinner than the 
continental interior and may represent a transition from the thinner ocean MTZ to the 
normal continental MTZ. For instance, beneath the western edge of the North American 
continent, a RF study using the same technique as what is used in this study finds an 
MTZ thickness that is about 10 km thinner than the central part of the continent (Gao & 
Liu 2014b). Similar to the West Australian Craton, the thinning of the MTZ beneath the 
western margin of North America is mostly caused by a more depressed d410 than the 
d660, suggesting a hotter upper MTZ.
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Figure 9. Same as Figure 5 but for the corrected depths based on the TX2019VpVs
model.
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4.2 COLD SLABS IN THE LOWER MTZ BENEATH EASTERN AUSTRALIA
Eastern Australia is dominated by an MTZ that is up to 28 km thicker than 
normal, with a mean value of about 6 km thicker. This MTZ thickening is mostly related 
to a greater depression of the d660 than the d410 (Table 1). The simplest model 
accounting for the 6 km thickening is a -50 °C temperature anomaly in the MTZ 
(estimated using a Clapeyron slope of 2.9 and -1.3 MPa/K for the d410 and d660, 
respectively), probably from oceanic slabs of the Pacific plate subducted over the past 25 
million years (Crook & Belbin 1978; Hall & Spakman 2002; Simmons et al. 2012). The 
thicker MTZ beneath this area provides independent evidence for the subduction and 
stagnation of oceanic slabs in the MTZ, and is consistent with conclusions from most of 
the previous seismic tomography studies (Hall & Spakman 2002; Simmons et al. 2012; 
Obayashi et al. 2013). Alternatively, the slight thickening of the MTZ could indicate a 
higher level of water content (Litasov et al. 2005). However, a higher water content 
normally corresponds to lower wavespeeds (Wang et al. 2018) which are not suggested 
by previous seismic tomographic images (e.g., Hall & Spakman 2002; Simmons et al. 
2012).
Table 1. Resulting apparent and wavespeed-corrected d410 and d660 depths and MTZ 
thickness for the whole area and each of the three regions with anomalous MTZ
thickness.
Region Whole area A B C
Apparent d410 depth (km) 407.5 ± 9.9 404.7 ± 5.2 414.9 ± 8.4 426.0 ± 5.7
Apparent d660 depth (km) 659.1 ± 13.5 648.9 ± 5.5 670.8 ± 10.4 674.0 ± 12. 7
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Table 1. Resulting apparent and wavespeed-corrected d410 and d660 depths and MTZ 
thickness for the whole area and each of the three regions with anomalous MTZ
thickness. (cont.)
Apparent MTZ thickness (km) 251.6 ± 8.5 244.1 ± 5.7 255 . 9 ±  8.3 248.0 ± 7.1
Corrected d410 depth (km) 413.1 ± 7.6 420.2 ± 6.9 412.5 ± 7.5 416.9 ± 5.4
Corrected d660 depth (km) 664.7 ± 7.6 664.4 ± 6.7 668.4 ± 7.6 664.9 ± 12.5
Corrected MTZ thickness (km) 251.6 ± 8.5 244.1 ± 5.7 255.9 ± 8.3 248.0 ± 7.1
4.3 CONSTRAINTS ON THE FORMATION MECHANISM OF THE NEW 
VOLCANICS PROVINCE
Imaging the MTZ discontinuities can provide independent constraints on the 
mechanism of the intraplate volcanic activities (Reed et al. 2016; Dahm et al. 2017; 
Kaviani et al. 2018). In the New Volcanics Province (Region C), the depth series at the 
center of this area (the middle trace in Figure 4c) has two possible d660 arrivals with 
comparable amplitude. If the upper arrival is used as the P-to-S conversion from the 
d660, the MTZ thickness is 230 km which is the result of a 16 km uplift of the d660 and 
4 km depression of the d410 (after wavespeed correction). Using a Clapeyron slope of -
1.3 MPa/K for the d660 (Fei et al. 2004), the 16 km uplift would require a temperature 
anomaly of about +450 K. Because this anomaly would cause a d410 depression as large 
as 37 km (which is much greater than the observed 4 km) if it extends to the top of the 
MTZ, it must only exist in a thin layer surrounding the d660. Such a high temperature 
(more than 2000 K) would facilitate a phase transition from majorite to perovskite which 
has a positive Clapeyron of +1.0 MPa/K (Hirose 2002) and consequently lead to a
depression rather than the observed uplift of the d660. Therefore, we conclude that the 
upper arrival is unlikely representing the d660.
The lower arrival has a wavespeed-corrected depth of 667 km. Together with the 
4 km depression of the d410, the resulting MTZ thickness is merely ~3 km thicker than 
normal, suggesting a close to normal MTZ temperature. The apparent depression of 14 
km of the d410 corresponds to a mean upper mantle Vp anomaly of -1.0% which is 
comparable to results from seismic tomography studies (e.g., Rawlinson & Kennett 2008; 
Rawlinson et al. 2017). These observations are consistent with the non-plume mechanism 
for the intraplate volcanic chain in eastern Australia (Demidjuk et al. 2007; Holt et al. 
2013; Davies & Rawlinson 2014; Rawlinson et al. 2017).
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5. CONCLUSIONS
In this study, we use 37,524 high-quality receiver functions from 182 seismic 
stations to map the topography of the 410 and 660 discontinuities beneath the Australian 
continent. When the 1-D IASP91 Earth model is used for moveout correction and time- 
depth conversion, the resulting apparent depths of the d410 beneath eastern Australia is 
about 5 km deeper than normal, and that beneath the central and western Australia is 10 
km shallower than normal, suggesting slower and faster mean upper mantle wavespeeds 
beneath eastern and central/western Australia, respectively. After correcting the apparent 
depths using AuSREM, the systematic difference between the two areas reduces, and 
anomalous thermal and wavespeed conditions in the MTZ for three of areas can be 
extracted from the wavespeed-corrected depths. The deeper than normal d410 and the
thin MTZ beneath the West Australian Craton are similar to what has been reported 
beneath some other continental margins and may present a transition from a hotter than 
normal oceanic MTZ to the normal MTZ beneath central Australia. Beneath eastern 
Australia, the thicker than normal MTZ provides independent support for the existence of 
cold slabs in the MTZ. The normal MTZ thickness beneath the Newer Volcanics 
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II. SEISMIC AZIMUTHAL ANISOTROPY BENEATH AUSTRALIA FROM 
SHEAR WAVE SPLITTING ANALYSES
ABSTRACT
Seismic azimuthal anisotropy beneath Australia is quantified using splitting of the 
teleseismic SKS, SKKS, and PKS ("XKS") phases to investigate asthenospheric flow and 
lithospheric deformation beneath one of the oldest and fast-moving continents on Earth.
A total of 511 pairs of well-defined XKS splitting parameters were obtained at 116 
seismic stations. Unlike other stable continental areas in Africa, East Asia, and North 
America, where spatially slow-varying splitting parameters dominate, the fast 
orientations and splitting times observed in Australia show a complex pattern, with a 
slightly smaller-than-normal average splitting time of 0.85 ± 0.33 s. On the North 
Australian Craton, the fast orientations are mostly N-S, which is parallel to the absolute 
plate motion (APM) direction of the Australian continent. Those observed in the South 
Australian Craton are mostly NE-SW and E-W, which are perpendicular to the maximum 
lithospheric horizontal shortening direction. In east Australia, the observed azimuthal 
anisotropy can be attributed to either APM induced simple shear or lithospheric fabrics 
parallel to the strike of the orogenic belts. The observed spatial variations of the seismic 
azimuthal anisotropy, when combined with results from depth estimation using the spatial 
coherency of the splitting parameters and results from seismic tomography studies, 
suggest that the azimuthal anisotropy in Australia can mostly be attributed to simple 
shear in the rheologically transition layer between the lithosphere and asthenosphere, 
with local modulations of the mantle flow system by undulations of the lithosphere-





The Australian continent is composed of Precambrian cratons in the west and 
Phanerozoic orogen in the east (Figure 1). The three main cratonic units in the west and 
central mainland include the West Australian Craton, North Australian Craton, and South 
Australian Craton. The numerous fragments were assembled into these three cratons by 
~1830 Ma (Myers et al., 1996). The two Archaean cratons, Pilbara and Yilgarn, collided 
along the Capricorn Orogen and formed the West Australian Craton at 2500-1950 Ma 
(Myers et al., 1996). The proto-Gawler and proto-Curnamona cratons were incorporated 
together along the Kimban Orogen to form the South Australian Craton between ~ 1845 
and 1700 Ma (Myers et al., 1996). The North Australian Craton was constructed by 
accretion of numerous crustal fragments, including the Kimberly, Pine Creeks, Lucas, 
and Altjawarra cratons, with sutures marked by several orogens between ~1950 and 1700 
Ma (e.g. King Leopold, Halls Creek, and Tennant Creek) (Myers et al., 1996; Betts et al., 
2002). These three major cratons collided at ~1300 Ma to form a part of the Rodinia 
supercontinent (Myers et al., 1996). At ~830 and 750 Ma, the Centralian Superbasin 
developed at the junction of the West, North, and South Australian Cratons, following the 
breakup of Rodinia (Walter et al., 1995; Myers et al., 1996). After the Rodinia breakup,
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the Centralian Superbasin was broken into several smaller basins and intracratonic basins 
were formed at ~750 to 540 Ma (Myers et al., 1996).
Several orogenic belts in the eastern half of the Australian continent, including the 
Thompson, Lachlan, New England, and Delamerian Orogens, developed along the east 
margin called Tasmanides, which has a NE-SW dominant structure trend (Betts et al., 
2002; Bello et al., 2019). The boundary between the Precambrian cratons and the 
Phanerozoic orogenic belts is referred to as the Tasman line (Direen & Crawford, 2003). 
The origin of the intraplate volcanism in the eastern Australia, the Cosgrove track, is still 
debated (Montelli et al., 2006; Davies & Rawlinson 2014; Davies et al., 2015; Rawlinson 
et al., 2017).
1.2 MANTLE STRUCTURE
Most previous tomography studies suggest the presence of positive seismic 
velocity anomalies in the depth range from 50 to 300 km beneath the area west of 140o E 
(Fishwick et al., 2005; Fishwick & Reading, 2008; Fichtner et al., 2009; Kennett et al., 
2012; Rawlinson & Fishwick, 2012). The depth of the Lithosphere-Asthenosphere 
Boundary (LAB) is greater than 200 km beneath the cratons and reduces to 100 km 
beneath the eastern coast (Conrad & Lithgow, 2006; Pasyanos et al., 2014). Beneath the 
northeastern portion of the Australian continent, the high seismic wave speed anomaly 
and the undulation of mantle transition zone discontinuities are interpreted to be 
associated with the remnant of the Pacific plate subducted beneath the Melanesian arc 
between 45 and 25 Ma (Hall & Spakman, 2002; Simmons et al., 2012; Ba et al., 2020).
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1.3 PREVIOUS SWS STUDIES
One of the most common-used seismic techniques to study seismic azimuthal 
anisotropy is shear-wave splitting (SWS) analysis (Hess, 1964; Silver & Chan, 1991). 
When a polarized shear wave travels through an anisotropic medium, it splits into two 
quasi-shear waves with orthogonal polarization orientations and propagate with different 
speeds. The P-to-S converted phases at the core-mantle boundary (PKS, SKKS, and 
SKS, hereafter collectively called XKS) are commonly used to determine the anisotropy 
of the crust and upper mantle beneath the stations (e.g., Silver & Chan, 1991; Gao et al., 
1994; Heintz & Kennett, 2005). Two XKS splitting parameters, including the polarization 
orientation of the fast wave (fast orientation or ^) and the arrival time difference between 
the fast and slow waves (splitting time or dt), are measured to quantify the orientation and 
strength of the seismic azimuthal anisotropy, respectively. While the resulting 
measurements of the XKS technique have a high lateral but low vertical resolution 
(Silver & Chan, 1991; Savage, 1999), under some conditions including the presence of 
spatially varying simple anisotropy, the optimal depth of seismic anisotropy can be 
estimated using the spatial coherency of the observed splitting parameters (Liu & Gao, 
2011; Gao & Liu, 2012).
Previous laboratory experiments and field investigations suggest that the main 
cause of seismic azimuthal anisotropy in the mantle is the lattice preferred orientation 
(LPO) of anisotropic mineral, mainly olivine in the upper mantle (Zhang & Karato, 1995; 
Silver, 1996). In most areas, more than one mantle deformation process can lead to LPO. 
For the Australian continent, the most likely processes include (1) simple shear arising 
from the relative movement between the lithosphere and asthenosphere which causes the
fast orientation to be parallel to the APM direction, (2) horizontal lithospheric 
compression, which leads to the LPO to be normal to the direction of the maximum 
shortening, and (3) regional mantle flow system which results in flow-parallel fast 
orientations.
Most of the previous SWS studies in the Australian continent (Figure 1) show a 
complex pattern of the fast orientations (Vinnik et al., 1992; Barruol & Hoffman, 1999; 
Heintz & Kennett, 2005; Heintz & Kennett, 2006; Bello et al., 2019). Heintz and Kennett
(2005) measured SWS at 190 stations covering the whole continent. The difference 
between the APM direction and the fast orientations observed at most of the stations was 
attributed to seismic anisotropy induced by the asthenospheric flow system around the 
lithospheric roots. Measurements in the Phanerozoic eastern Australia are consistent with 
the dominant strike of the orogenic belts, indicating lithospheric anisotropy. Using data 
recorded at 20 stations deployed on both sides of the Tasman Line, Heintz and Kennett
(2006) reported the absence of observable azimuthal anisotropy. They proposed that the 
lack of anisotropy is caused by a two-layered anisotropy system with fast orientations 
that are perpendicular to each other. The two layered anisotropic structure with nearly 
orthogonal fast orientations is consistent with previous surface wave inversion studies, 
which proposed that at 100 km depth, the fast orientation is almost east-west, and at 200 
km depth, it changes to north-south (Debayle, 1999; Debayle & Kennet, 2000; Debayle et 
al., 2005; Fishwick & Reading, 2008; Fishwick et al., 2008). Recently, Bello et al. (2019) 
obtained shear wave splitting measurements at 32 stations in the southeastern part of the 
Australian continent and the Bass Strait. The observed large splitting times and complex
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fast orientations were interpreted as the combined effects of frozen-in lithospheric 
anisotropy and present-day asthenospheric flow around lithospheric roots.
1.4 RATIONALE OF THE PRESENT STUDY
The Australian continent is a fast movement continent with a N to NNE direction 
in the fixed Pacific hotspot and no-net-rotation reference frames (Gripp & Gordon, 2002; 
Argus et al., 2011), with a rate of ~85 mm/yr. If such a fast plate motion rate corresponds 
to a large relative movement between the lithosphere and the underlain asthenosphere, as 
it is frequently assumed (Silver, 1996; Conrad & Behn, 2010), strong N-S or NNE-SSW 
oriented azimuthal seismic anisotropy is expected due to the significant simple shear 
developed in the rheologically transitional layer between the two layers. However, as 
mentioned above, previous shear wave splitting measurements (Vinnik et al., 1992; 
Barruol & Hoffman, 1999; Heintz & Kennett, 2005; Heintz & Kennet, 2006; Bello et al., 
2019) reported spatially varying and weaker than normal anisotropy in Australia. 
Exploring the causes of this apparent controversy is not only important to understanding 
the formation mechanisms of seismic anisotropy, but may also provide valuable 
information about mantle structure and dynamics. Additionally, from an observational 
point of view, the vast majority of previous studies reported their measurements in the 
form of station-averaged splitting parameters, which are only valid when the anisotropic 
structure beneath the station can be considered as “simple” which is characterized by 
individual splitting parameters that are not varying systematically as a function of the 
back-azimuth of the events (Silver & Chan, 1991; Silver & Savage, 1994). Finally, as 
demonstrated below, the individual splitting parameters can be used to estimate the depth
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of the source of the observed anisotropy (Liu & Gao, 2011), a practice that has not been 
applied to Australia.
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Figure 1. A topographic map of the Australian continent showing major tectonic 
provinces (Betts et al., 2002) and previous SWS measurements. The straight lines 
represent previous shear wave splitting measurements (green for Vinnik et al., 1992; blue 
for Barruol & Hoffman, 1999; black for Heintz & Kennett, 2005; and red for Bello et al., 
2019). The black triangles and circles represent seismic stations with data available at 
IRIS DMC and AusPass (the Australian Passive Seismic Server), respectively. Filled 
triangles and circles represent stations with non-null measurements. The white and gray 
arrows show the directions of the APM based on the NNR-MORVEL56 (Argus et al., 
2011) and HS3-NUVEL-1A (Gripp & Gordon, 2002), respectively.
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2. DATA AND METHODS
Data used in this study were recorded by 289 seismic stations in the area of 110oE 
to 155oE, and 10oS to 45oS, including 157 stations from the Incorporated Research 
Institutions for Seismology (IRIS) Data Management Center (DMC) and 132 stations 
from the Australian Passive Seismic Server (AusPass) (Figure 1) recorded over the period 
from 1980 to February 2018.
The data processing parameters and the procedure to obtain the splitting 
measurements are described in Liu and Gao (2013) and are briefly summarized below. 
The procedure used to measure the fast orientation and splitting time is based on the 
minimization of the transverse energy technique (Silver & Chan, 1991). To balance the 
data quality and quantity, we utilized the events with a cutoff magnitude of 5.6 for events 
shallower than 100 km and 5.5 for the deeper events. To ensure that all the usable XKS 
signals are included in this study, the epicentral distance range for data requesting is set 
as 120o -  180o, 95o -  180o, and 84o -  180o, for PKS, SKKS, and SKS, respectively 
(Figure 2). Seismograms were windowed 5 s before and 20 s after the predicted XKS 
arrival times, and were band-pass filtered using a four-pole two-pass filter with corner 
frequencies of 0.04 and 0.5 HZ.
The individual measurements were manually verified and the data processing 
parameters, including the start and end times of the XKS window and the frequencies of 
the band-pass filtering were adjusted if necessary. The ranking of each measurement (A: 
outstanding, B: good, C: unusable, and N: null) was determined by visually checking and 
considering the following factors: (1) the quality of the original and corrected radial and
transverse components, (2) the waveform fit between fast and slow components, (3) the 
linearity of the corrected particle motion, and (4) the significance and uniqueness of the 
minimum energy peak on the contour map (Liu et al, 2008).
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Figure 2. (a) Azimuthal equidistant projection map showing the spatial distributions of 
seismic events (circles) that provided one or more well-defined measurements (Quality A 
or B) in this study. The circle size is proportional to the number of events. The black 
triangle represents the center of the Australian continent. (b) A histogram and rose 
diagram showing the distribution of the back azimuth of XKS measurements (Red: SKS;
green: SKKS; and blue: PKS).
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3. RESULTS
A total of 511 well-defined individual measurements (Quality A or B) were 
observed at 116 stations (Table S1), including 436 from 74 IRIS stations and 75 from 42 
AusPass stations (Figure 3). The station-averaged measurements are shown in Figure 4 
and Table S2, and the difference between the fast orientations and the APM direction is 
shown in Figure 5. The circular mean of the fast orientations over the 511 individual 
measurements in the whole area is 48.5 ± 49.8o, and the simple mean of the splitting 
times is 0.85 ± 0.33 s, which is smaller than the global average of 1.0 for continents 
(Silver, 1996). In Figure 6, the mean splitting times in overlapping 1o x 1o block with a 
moving step of 0.1o are presented.
Besides Quality A and B measurements, 175 null measurements, which are 
characterized by strong XKS arrivals on the original radial but no observable XKS 
arrivals on the original transverse components, were observed at 81 stations in the study 
area, including 25 stations without well-defined measurements (Figure 7). Most of these 
null measurements have an event back azimuth that is parallel or perpendicular to the 
fast orientation of SWS measurements and thus do not suggest the absence of significant 
azimuthal anisotropy (Silver & Chan, 1991; Liu & Gao, 2013; Yu etal., 2018). Based on 
the tectonic setting and the characteristics of the observed splitting parameters, the study 
area can be divided into five regions (Figure 3). The mean fast orientation of each region 
is shown by the rose diagram (Figure 4), and the average splitting times for each region
can be found in Table S3.
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Figure 3. Individual XKS measurements plotted above the ray-piercing points at 200 km. 
Triangles represent seismic stations with well-defined measurements.
3.1 REGION A
Region A, which includes the Archean-Proterozoic West Australian Craton, has a 
thicker-than-normal lithosphere of about 200 km (Pirajno & Bagas, 2008; Pasyanos et al., 
2014). Only a few SWS measurements were observed by previous studies (Figure 1; 
Vinnik et al., 1992; Heintz & Kennett, 2005). In this study, we observed a total of 91 
measurements from 30 stations in this region, with the simple mean splitting time of 0.86
± 0.35 s and the circular mean fast orientations of 67.8o ± 30.9o. In the northern part of 
the West Australian Craton, the observed fast orientations are mostly SW-NS, which is 
parallel to the direction of the APM under the no-net-rotation frame. However, in the 
southern part of the craton, the fast orientations are mostly W-E which is different from 
the APM, and are not consistent with measurements of the previous studies (Vinnik et al., 
1992; Heintz & Kennett, 2005). Azimuthal variations in the measurements observed at 
stations CP11xx_7J and BLDUxx_AU may suggest the existence of complex anisotropy 
in this region.
3.2 REGION B
Region B is the North Australian Craton, including the Proterozoic orogen and 
basin (Pirajno & Bagas, 2008). A total of 175 well-defined measurements were obtained 
at 19 stations located in Region B. The mean fast orientation is 9.75o ± 38.64°, which is 
parallel to the APM direction in the fixed hotspot frame (Gripp & Gordon, 2002) and 
consistent with previous SWS studies (Heintz & Kennett, 2005). Previous seismic 
tomography studies also observed mostly N-S fast orientations in the lower upper mantle 
(Simons et al., 2002; Kennett et al., 2004; Fishwick & Reading, 2008;). In the central 
part of this region, a few east-west fast orientations are also observed, which are parallel 
to the south boundary of the North Australian Craton. The mean splitting time is 0.80 ± 
0.29 s which is the smallest among the five regions. Five PKS measurements observed at 
Station FITZ show NW-SE fast orientations, and nine SKKS and SKS measurements 
show E-W fast orientations, suggesting that a two-layered anisotropy structure could exist 
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Figure 4. Station averaged XKS measurements. The background color shows the 
lithospheric thickness (Pasyanos et al., 2014). The averaged fast orientations were 
calculated by the circular mean of the individual fast orientations, and the averaged 
splitting times were produced by averaging individual splitting times. Rose diagrams 
show XKS fast orientations for each of the five areas in the Australian continent. The
sector width of the rose diagrams is 10o.
3.3 REGION C
Region C is the South Australian Craton. There are 82 Quality A or B 
measurements observed at 18 stations. In comparison, only six measurements were 
obtained by previous shear wave splitting studies in this region (Figure 1; Heintz & 
Kennett, 2005). The fast orientations in Region C are mostly east-west with a mean value 
of 68.47° ± 19.39o, which are consistent with results from previous tomography
anisotropy studies in the lower upper mantle (e.g. Simons et al., 2002; Kennett et al., 
2004; Fishwick & Reading, 2008) and are approximately perpendicular to the APM 
direction. The mean splitting time in this region is 0.95 ± 0.27 s, which is comparable to 
the averaged value of 1.0 s for global continents (Silver, 1996). The null-measurements 
observed in the southeastern portion of this region show that the event back azimuth is 
perpendicular or parallel to the fast orientations, and do not suggest the presence of 
isotropic upper mantle and crust in this region (Figure 7).
3.4 REGION D
Region D includes the areas between the three cratonic units. The eight stations 
located in Region D resulted in 40 measurements, with seven stations situated between 
the North Australian Craton and the South Australian Craton and one station 
(WRKAxx_AU) situated between the West Australian Craton and the North Australian 
Craton. The circular mean of the fast orientations for Region D is 68.37° ± 9.74o. The 
seven stations between the North and South Australian cratons show E-W station 
averaged fast directions, which is mostly parallel to the strike of the boundaries between 
the North and South Australian cratons. While Station WRKAxx_AU has a N-S station 
averaged fast direction (Figure 4). The abrupt change of the fast orientation between 
Regions D and B can be observed on the boundary of the North Australian Craton. The 
splitting times in Region D are also larger than those in Region B, with the mean value of
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0.94 ± 0.12 s.
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Figure 5. Absolute differences between the fast orientations and APM directions of the 
Australian continent based on the NNR-MORVEL56 model (Argus et al., 2011). The 
white arrows represent the APM direction. The triangles represent stations at which well-
defined measurements were observed.
Figure 6. Spatial distribution of splitting times produced by averaging the individual 
splitting time at ray piercing points of 200 km deep in overlapping 1o by 1o blocks with a
moving step of 0.1o.
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3.5 REGION E
Region E includes the area to the east of the Tasman Line, consisting of units 
formed in the Phanerozoic, and the lithosphere in this area is thinner than western and 
central Australia (Betts et al. 2002; Direen & Crawford, 2003; Pasyanos et al, 2014). 
There are 123 well-defined individual measurements recorded at 41 stations. The circular 
mean of the fast orientations is 42.47° ± 56.61°, which is mostly parallel to the structure 
trend of the orogenic belts in this region. Our results in this region are in generally 
agreement with those from previous shear wave splitting studies in fast orientations but 
show smaller splitting times (Heintz & Kennett, 2005; Bello et al., 2019). The fast 
orientations are mostly NW-SE and E-W on the southeast coast and islands, which are 
different with NE-SW fast orientations obtained in the rest of the sub-area (Figure 5). The 
mean splitting time is 0.95 ± 0.27 s and is not consistent with those from a previous 
study, which observed very large splitting times of 0.66-2.7 s at approximately the same 
stations in the southeast part of Region E (Bello et al., 2019). A few null measurements 
are observed at the stations which do not contain the Quality A or B measurements. The 
null measurements cover a large azimuthal range and thus may suggest the absence of 
seismic anisotropy in the southeast coast (Figure 7).
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Figure 7. Observed null measurements and station averaged XKS measurements plotted 
above the ray-piercing points at 200 km. The two bars of each null measurement are 
plotted to be parallel and perpendicular to the back azimuth of the event, respectively.
Blue circles represent stations.
4. DISCUSSION
4.1 ESTIMATION OF THE ANISOTROPY DEPTH
Some splitting parameters recorded at densely spaced seismic stations in the 
central part (Region B and D) and southeast coast (southeastern part of Region E) of the 
Australian continent provide ideal circumstances to estimate the depth of the center of the 
anisotropy layer by applying the spatial coherency approach (Liu & Gao, 2011; Gao &
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Liu, 2012). The description of the procedure together with a FORTRAN program can be 
found in Gao & Liu (2012) and is briefly introduced here. The procedure searches for the 
anisotropy depth by calculating the spatial variation factors, assuming that the depth 
ranges from 0 to 400 km, with a 5 km interval. The spatial variation factors are the 
weighted sums of the standard deviation of the splitting parameters at ray piercing points. 
The optimal depth corresponding to the minimum variation factor can be observed on the 
resulting curve, which is 220 and 100 km beneath the central and southeast Australian 
continent, respectively (Figure 8).
Beneath the central Australian continent, compared with the lithospheric thickness 
(Figure 4) and previous tomographic studies (Conrad et al., 2006; Fichtner et al., 2009; 
Pasyanos et al., 2014), the estimated optimal depth suggests that the observed anisotropy 
is mostly from the lithosphere-asthenosphere transition zone (Debayle & Ricard, 2013), 
as proposed elsewhere such as the eastern United States and the eastern Himalayan 
Syntaxis (Yang et al., 2017; Liu et al., 2019). In the southeastern part of Region E, 
although the estimated resulting depth is shallower than that beneath central Australia, it 
is deeper than the lithosphere-asthenosphere boundary proposed by the LITHO1.0 model 
(Figure 4; Pasyanos et al., 2014), suggesting that the anisotropy beneath this area is from 
the upper asthenosphere. In other regions of the study area, the spatial coherency 
approach cannot be used mostly due to the large distance between the seismic stations.
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Figure 8. Spatial variation factors plotted against assumed anisotropy depth using a bin 
size of 0.4o (Gao & Liu, 2012) for the (a) central and (b) southeastern part of the 
Australian continent. The minimum variation factors correspond to optimal depths of 220 
km and 110 km depths in (a) and (b), respectively.
4.2 COMPARISON WITH RESULTS FROM REGIONAL AND GLOBALE 
SURFACE WAVE TOMOGRAPHY
To provide addition constraints on the depth distribution of azimuthal anisotropy, 
we next compare our splitting measurements with results from global and regional scale 
surface wave tomography studies (e.g., Debayle & Kennett, 2000; Simons et al., 2002; 
Kennett et al., 2004; Fishwick & Reading, 2008; Fishwick et al., 2008). Debayle and 
Kennett (2000) presented a 3-D model for the SV wave heterogeneity and seismic 
azimuthal anisotropy. They revealed a drastic change of the fast orientations between the 
upper 150 km and a layer below 150 km, and proposed that the anisotropy in the upper
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150 km is related to deformation frozen in the lithosphere and that in the lower layer is 
due to the northward motion of the Australian Plate. Simons et al. (2002) proposed an 
azimuthal anisotropic shear-wave speed model, suggesting a very complex pattern of 
anisotropy in the top 150 km and a smoother pattern at larger depths. Their measurements 
show that the fast orientations in the deeper layer are not corresponding to the plate 
motion direction everywhere. The measurements of Kennett et al. (2004) agree with 
those from a previous study (Debayle & Kennett, 2000) and show E-W fast orientation at 
~100 km and N-S at 200 km depths (Figure 9). Two surface-wave tomography studies 
(Fishwick & Reading, 2008; Fishwick et al., 2008) provided azimuthal anisotropy at the 
depths of 75, 150, 250, and 100, 150, 200 km, respectively. Their measurements were in 
general agreement with previous studies that suggest two layers of anisotropy with 
perpendicular fast orientations.
Besides the regional surface-wave tomography constraints on the azimuthal 
anisotropy beneath the Australian continent, several global seismic azimuthal anisotropy 
studies similarly indicated that the upper layer is dominated by E-W and lower layer is 
mostly characterized by N-S fast orientations (Debayle et al., 2005; Montagner, 2007; 
Long & Becker, 2010; Debayle & Ricard, 2013; Schaeffer et al., 2016), although the 
boundary between the two layers varies among different studies. Since the APM-parallel 
fast orientations in the lower layer are approximately perpendicular to the E-W fast 
orientations in the upper layer, the observed splitting times using the SWS technique 
reflect the difference between the splitting time of the two layers, and the observed fast 
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Figure 9. Seismic azimuthal anisotropy from a surface wave tomography study (Kennet 
et al., 2004). The background color indicates the SV wave velocity at 125 and 200 km of 
the AuSREM model (Kennet et al., 2013), and the orientation and length of the bars 
represent the fast orientation and strength of anisotropy, respectively.
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4.3 APM-INDUCED ANISOTROPY OBSERVED BENEATH AUSTRALIA
It is well established that simple shear caused by the relative movement of the 
lithosphere and asthenosphere can induce seismic azimuthal anisotropy, with the fast 
orientation being parallel to the shear direction (Zhang & Karato, 1995; Silver, 1996). 
Many SWS observational studies attributed the observed APM-parallel fast orientations 
to the simple shear in the transition layer from the lithosphere to asthenosphere associated 
with the plate motion, as being proposed in North America and South Africa (Fischer et 
al., 2010; Liu et al., 2014; Reed et al., 2017; Yang et al., 2017).
In a fixed-hotspot frame, the Australian continent is the fastest-moving continent 
among all the major continental blocks on Earth, presently at a rate of 83 mm/yr toward 
the north as determined by the HS3-NUVEL-1A model (Gripp & Gordon, 2002). The 
fast orientations observed in the North Australian Craton (Region B) are mostly N-S, 
which are parallel to the HS3-NUVEL-1A model (Gripp & Gordon, 2002). Such an 
approximate parallelism is also observed in Region E and the northern part of Region A 
(Figure 4). These observations suggest that simple shear in the rheologically transitional 
layer between the lithosphere and asthenosphere is a contributing anisotropy-forming 
mechanism beneath three (northern, western, and eastern) of the four peripheral regions 
of the Australian continent.
4.4 LITHOSPHERIC FABRIC CONTRIBUTIONS AND MODULATION OF THE 
MANTLE FLOW SYSTEM BY CRATONIC ROOTS
Vertically coherent deformation of the lithosphere can lead to azimuthal 
anisotropy with fast orientations being orthogonal to the maximum horizontal shortening 
direction (Silver & Chan, 1991; Silver, 1996). The largely E-W fast orientations observed
in Regions C and D suggest that anisotropy associated with N-S oriented lithospheric 
shortening has a greater strength than that produced by the APM, resulting in a net fast 
orientation that is identical to the fast orientation of the former. Surface wave tomography 
studies show that the fast orientation for both the shallow (< 150 km) and deeper (> 150 
km) layers are N-S oriented beneath the North Australian Craton, and the deeper layer 
possesses much larger anisotropy (Figure 9). If we assume that the N-S oriented 
anisotropy with a splitting time of ~1 s observed at the northern tip of the continent is 
purely APM-oriented and is representative of APM induced anisotropy across the entire 
continent, we can conclude that the splitting time caused by lithospheric fabrics is about 2 
s. For a lithospheric thickness of 200 km, this splitting time corresponds to an anisotropy 
of ~4%, a value that is comparable from laboratory measurements.
The hypothesis that E-W oriented lithospheric fabrics cause a stronger anisotropy 
than that related to APM in most areas of Regions C and D can also be independently 
confirmed by results of surface wave tomography studies (Figure 9), which suggest that 
the fast orientations for the shallower and deep layers are approximately normal to each 
other, and the degree of anisotropy in the shallower layer is greater than that in the lower 
layer in Regions C and D where E-W fast orientations are observed. Additionally, the 
degree of anisotropy revealed by surface wave tomography in the top 150 km in the two 
regions is about 4%, which is consistent with the estimated value from SWS 
measurements.
Besides lithospheric fabrics, deep continental roots may modulate the mantle flow 
system and generate seismic anisotropy that is parallel to the edge of the continent, as 
observed along the southern and eastern edges of the North American craton (Refayee et
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al., 2014; Yang et al., 2017). This mantle flow system may contribute to the observed 
anisotropy with edge-parallel fast orientations observed along the western, southern, and 
eastern margins of the Australian continent. In particular, in the southern part of Region E 
(southeast coast and the Bass Strait), the large difference between APM direction and fast 
orientations and results from the spatial coherency analysis (Figure 8b), which indicate an 
upper asthenospheric origin of the observed anisotropy, suggests that the anisotropic 
layer may be caused by the mantle flow system flowing around the cratonic root, a 
mechanism that has been suggested by Bello et al. (2019) based on SWS measurements 
in the Bass Strait area.
5. CONCLUSIONS
The complex seismic azimuthal anisotropy beneath the Australian continent is 
revealed by systematic spatial variations of the observed splitting parameters using shear 
wave splitting analysis. The difference of the fast orientations and APM direction and the 
spatial coherency analysis suggest that the anisotropy beneath Australia is caused by 
several factors, including the APM induced mantle flow, the keel-deflected flow system 
around the lithosphere roots, and lithospheric fabrics resulted from horizontal 
compression. The South Australian Craton and the orogenic belt north of it posses strong 
E-W oriented lithospheric anisotropy with a lithospheric contribution of 2 s to the 
splitting times, while APM induced N-S oriented anisotropy dominates in the North 
Australian Craton. The western, southern, and eastern margins of the continent are 
dominated by root-deflected mantle flow that produces margin-parallel fast orientations.
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The relative strength and approximate orthogonality of the APM induced anisotropy and 
frozen-in lithospheric fabrics provide a viable explanation for the puzzling observation of 
pervasive existence of weak and spatially variable azimuthal anisotropy in this fast 
moving continent.
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APPENDIX
Table S1. Well-defined Individual Splitting Parameters.
S ta t io n P h a s e E v e n t S t-la t. S t-lo n . P h i S D  o f  P h i D T S D  o f  D T B A Z B A Z 9 0 E v - la t E v - lo n E v - d e p R
A R M A x x  A U S K K E Q 0 5 2 6 9 0 1 5 5 - 3 0 .4 2 1 5 1 .6 3 1 3 1 .65 0 .1 2 1 1 9 .5 9 2 9 .5 9 -5 .6 7 8 -7 6 .3 9 8 115 A
A R M A x x  A U S K K E Q 1 5 3 2 8 2 2 4 5 - 3 0 .4 2 1 5 1 .6 3 179 15 .5 0 .9 5 0 .4 5 1 2 8 .0 9 3 8 .0 9 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 B
A R M A x x  A U S K S E Q 0 5 0 8 0 1 2 2 3 - 3 0 .4 2 1 5 1 .6 3 21 20 0 .6 5 0 .4 2 1 4 4 .7 5 4 .7 -2 4 .9 8 3 - 6 3 .4 7 5 7 9 .1 B
A R M A x x  A U S K S E Q 1 1 3 0 1 1 8 5 4 - 3 0 .4 2 1 5 1 .6 3 23 4 .5 1 .35 0 .3 127 .2 1 3 7 .2 1 -1 4 .4 3 8 -7 5 .9 6 6 24 B
A R M A x x  A U S K S E Q 1 4 0 5 7 2 1 1 3 - 3 0 .4 2 1 5 1 .6 3 12 1 1 .7 0 .2 2 0 .7 7 2 0 .7 7 5 3 .6 2 -1 7 1 .8 3 3 2 6 5 A
A R M A x x  A U S K S E Q 1 5 3 2 8 2 2 4 5 - 3 0 .4 2 1 5 1 .6 3 15 10 .5 1 .15 0 .3 3 1 2 8 .0 9 3 8 .0 9 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 B
A R M A x x  A U S K S E Q 1 7 0 5 2 1 4 0 9 - 3 0 .4 2 1 5 1 .6 3 22 18 0 .5 0 .1 8 140 .7 1 5 0 .7 1 -1 9 .2 8 4 -6 3 .8 9 9 5 9 7 .9 B
A R P S x x  A U P K S E Q 0 7 0 7 7 0 2 1 1 - 3 6 .7 7 1 4 1 .8 4 40 3 1 .25 0 .2 8 121 .1 31 .1 4 .5 8 5 -7 8 .4 9 4 7 B
A R P S x x  A U P K S E Q 1 1 3 1 1 2 2 3 5 - 3 6 .7 7 1 4 1 .8 4 38 3 .5 0 .9 0 .1 5 1 0 7 .8 4 1 7 .8 4 11 .56 -8 5 .8 6 1 177 B
A R P S x x  A U S K K E Q 0 7 3 3 3 1 9 0 0 - 3 6 .7 7 1 4 1 .8 4 84 9 0 .4 5 0 .1 130 .5 4 0 .5 1 4 .9 4 4 -6 1 .2 7 4 156 B
A R P S x x  A U S K S E Q 1 1 1 7 5 0 3 0 9 - 3 6 .7 7 1 4 1 .8 4 56 11 0 .5 0 .1 2 6 .7 6 2 6 .7 6 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
A R P S x x  A U S K S E Q 1 5 2 9 9 0 9 0 9 - 3 6 .7 7 1 4 1 .8 4 55 3 0 .8 5 0 .1 5 3 0 9 .5 6 3 9 .5 6 3 6 .4 4 1 7 0 .7 1 7 2 1 2 .5 A
A R P S x x  A U S K S E Q 1 6 1 7 8 1 1 1 7 - 3 6 .7 7 1 4 1 .8 4 63 5 0 .8 0 .1 7 3 1 3 .2 7 4 3 .2 7 3 9 .4 8 7 7 3 .3 4 9 20 B
A R P S x x  A U S K S E Q 1 8 0 3 1 0 7 0 7 - 3 6 .7 7 1 4 1 .8 4 57 5 .5 0 .7 5 0 .1 8 3 0 9 .6 9 3 9 .6 9 3 6 .5 4 3 7 0 .8 1 5 1 9 1 .2 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
A S 3 1 x x  A U P K S E Q 0 6 2 9 3 1 0 4 8 - 2 3 .6 7 1 3 3 .9 62 2 1.1 0 .1 2 1 3 7 .8 3 4 7 .8 2 -1 3 .4 5 7 -7 6 .6 7 7 23 A
A S 3 1 x x  A U P K S E Q 1 0 1 2 6 0 2 4 2 - 2 3 .6 7 1 3 3 .9 67 2 1 0 .2 1 4 7 .9 2 5 7 .9 2 -1 8 .0 5 8 -7 0 .5 4 7 3 7 B
A S 3 1 x x  A U P K S E Q 1 0 2 2 4 1 1 5 4 - 2 3 .6 7 1 3 3 .9 82 6 .5 0 .7 0 .1 2 124 .9 1 3 4 .9 -1 .2 6 6 -7 7 .3 0 6 2 0 6 .7 B
A S 3 1 x x  A U P K S E Q 1 1 2 3 6 1 7 4 6 - 2 3 .6 7 1 3 3 .9 72 8 .5 0 .7 5 0 .1 8 1 3 4 .8 3 4 4 .8 3 -7 .6 4 1 -7 4 .5 2 5 147 A
A S 3 1 x x  A U P K S E Q 1 1 3 0 1 1 8 5 4 - 2 3 .6 7 1 3 3 .9 61 1.5 1 .15 0 .1 2 1 3 9 .3 8 4 9 .3 8 -1 4 .4 3 8 -7 5 .9 6 6 24 A
A S 3 1 x x  A U P K S E Q 1 2 0 3 0 0 5 1 1 - 2 3 .6 7 1 3 3 .9 68 3 .5 1 .25 0 .2 139 .5 4 9 .5 -1 4 .1 6 8 -7 5 .6 3 5 4 3 B
A S 3 1 x x  A U P K S E Q 1 2 1 3 5 1 0 0 0 - 2 3 .6 7 1 3 3 .9 72 3 1.1 0 .2 1 4 8 .7 3 5 8 .7 2 -1 7 .6 7 8 -6 9 .5 9 1 105 .9 B
A S 3 1 x x  A U P K S E Q 1 3 2 6 8 1 6 4 2 - 2 3 .6 7 1 3 3 .9 69 1.5 0 .8 5 0 .1 1 4 2 .0 3 5 2 .0 2 -1 5 .8 3 9 -7 4 .5 0 9 4 0 A
A S 3 1 x x  A U P K S E Q 1 4 0 7 5 2 1 1 6 - 2 3 .6 7 1 3 3 .9 68 4 .5 0 .9 0 .3 5 1 4 9 .0 3 5 9 .0 3 -1 9 .9 9 9 -7 0 .7 2 4 20 B
A S 3 1 x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 - 2 3 .6 7 1 3 3 .9 75 4 0 .9 0 .1 2 1 4 1 .6 6 5 1 .6 5 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
A S 3 1 x x  A U P K S E Q 1 5 3 3 0 0 5 4 5 - 2 3 .6 7 1 3 3 .9 79 11 0 .9 0 .3 1 4 0 .0 8 5 0 .0 7 -9 .1 9 1 -7 1 .2 8 8 5 9 9 .3 B
A S 3 1 x x  A U P K S E Q 1 6 3 2 9 1 8 4 3 - 2 3 .6 7 1 3 3 .9 60 18 0 .2 5 0 .1 5 9 8 .4 3 8 .4 3 1 1 .9 1 9 -8 8 .8 9 2 9 .9 A
A S 3 1 x x  A U P K S E Q 1 6 3 3 6 2 2 4 0 - 2 3 .6 7 1 3 3 .9 78 4 .5 0 .8 5 0 .1 5 1 4 5 .6 5 5 5 .6 4 -1 5 .3 1 2 -7 0 .8 2 7 12 B
A S 3 1 x x  A U P K S E Q 1 8 0 1 4 0 9 1 8 - 2 3 .6 7 1 3 3 .9 67 1.5 1 0 .0 7 1 4 1 .7 5 5 1 .7 5 -1 5 .7 5 9 -7 4 .7 1 39 A
A S 3 1 x x  A U S K K E Q 1 5 1 4 9 0 7 0 0 - 2 3 .6 7 1 3 3 .9 44 2 .5 1 .35 0 .2 3 1 .6 8 3 1 .6 8 5 6 .5 9 4 -1 5 6 .4 3 7 2 .6 B
A S 3 1 x x  A U S K S E Q 0 9 0 5 9 1 4 3 3 - 2 3 .6 7 1 3 3 .9 79 1.5 1 .25 0 .1 1 9 0 .3 8 1 0 .3 8 -6 0 .5 2 5 -2 4 .7 9 6 15 A
A S 3 1 x x  A U S K S E Q 0 9 1 0 6 1 4 5 7 - 2 3 .6 7 1 3 3 .9 77 2 1 .35 0 .1 189 .5 1 9 .5 1 -6 0 .2 0 3 -2 6 .8 5 8 20 A
A S 3 1 x x  A U S K S E Q 1 0 3 4 2 0 5 2 4 - 2 3 .6 7 1 3 3 .9 81 3 .5 1.1 0 .1 8 1 9 1 .2 7 1 1 .2 7 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 A
A S 3 1 x x  A U S K S E Q 1 1 0 6 5 1 4 3 2 - 2 3 .6 7 1 3 3 .9 79 2 1.1 0 .1 1 9 0 .5 6 1 0 .5 6 -5 6 .4 2 2 -2 7 .0 6 3 8 7 .7 A
A S 3 1 x x  A U S K S E Q 1 2 2 2 4 1 2 2 3 - 2 3 .6 7 1 3 3 .9 81 9 0 .7 0 .1 8 3 0 6 .5 5 3 6 .5 5 3 8 .3 2 9 4 6 .8 2 6 11 B
A S 3 1 x x  A U S K S E Q 1 3 0 9 9 1 1 5 2 - 2 3 .6 7 1 3 3 .9 75 13 0 .4 5 0 .1 5 2 9 8 .9 4 2 8 .9 4 2 8 .5 5 1 .5 9 1 10 A
A S 3 1 x x  A U S K S E Q 1 3 1 9 6 1 4 0 3 - 2 3 .6 7 1 3 3 .9 81 7 .5 1 0 .2 5 190 .1 10.1 -6 0 .8 6 8 -2 5 .1 4 4 31 B
A S 3 1 x x  A U S K S E Q 1 3 3 2 1 0 9 0 4 - 2 3 .6 7 1 3 3 .9 79 2 .5 1.5 0 .2 5 1 7 9 .8 5 8 9 .8 5 -6 0 .2 7 4 -4 6 .4 0 1 10 A
A S 3 1 x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 - 2 3 .6 7 1 3 3 .9 82 3 .5 1 .15 0 .2 1 9 0 .2 9 1 0 .2 9 -5 6 .8 2 7 -2 7 .3 3 9 130 B
A S 3 1 x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 - 2 3 .6 7 1 3 3 .9 82 4 .5 1 .15 0 .2 3 1 9 0 .6 9 1 0 .6 8 -5 6 .2 4 1 -2 6 .9 3 5 78 B
A S 3 1 x x  A U S K S E Q 1 7 1 3 0 2 3 2 3 - 2 3 .6 7 1 3 3 .9 78 2 1 .35 0 .1 2 1 9 1 .2 7 1 1 .2 7 -5 6 .4 1 4 -2 5 .7 4 3 15 B
A U A L C x  S y P K S E Q 1 5 3 2 8 2 2 4 5 -2 3 .6 9 1 3 3 .8 8 75 3 .5 0 .7 5 0 .1 1 4 1 .6 9 5 1 .6 9 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
A U A L C x  S y P K S E Q 1 8 0 1 4 0 9 1 8 -2 3 .6 9 1 3 3 .8 8 67 3 0 .7 5 0 .1 2 1 4 1 .7 8 5 1 .7 8 -1 5 .7 5 9 -7 4 .7 1 39 A
A U B S H x  Sy S K S E Q 1 7 1 1 4 2 1 3 8 -2 6 .8 6 1 5 2 .9 5 12 14 0 .9 5 0 .3 1 4 1 .6 8 5 1 .6 7 -3 3 .0 3 7 -7 2 .0 6 2 28 B
A U C A S x  Sy P K S E Q 1 4 1 8 8 1 1 2 3 -3 4 .2 6 1 3 5 .7 2 24 15 0 .9 0 .4 5 1 0 1 .9 3 1 1 .9 3 1 4 .7 2 4 -9 2 .4 6 1 53 B
A U C A S x  Sy P K S E Q 1 5 3 2 8 2 2 4 5 -3 4 .2 6 1 3 5 .7 2 11 14 0 .4 0 .1 145 .5 1 5 5 .5 1 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 B
A U C A S x  Sy P K S E Q 1 7 2 5 1 0 4 4 9 -3 4 .2 6 1 3 5 .7 2 22 13 .5 0 .8 0 .3 3 1 0 0 .5 8 1 0 .5 8 1 5 .0 2 2 -9 3 .8 9 9 4 7 .4 B
A U C A S x  Sy S K S E Q 1 6 1 4 9 0 9 4 6 -3 4 .2 6 1 3 5 .7 2 4 2 8 .5 0 .7 0 .1 8 1 8 9 .5 8 9 .5 8 -5 6 .2 4 1 -2 6 .9 3 5 78 A
A U D C S x  Sy S K S E Q 1 5 3 4 1 0 7 5 0 -3 2 .2 3 1 4 8 .6 3 17 5 1 .7 0 .3 3 0 9 .2 6 3 9 .2 6 3 8 .2 2 7 7 2 .7 5 2 33 B
A U D C S x  Sy S K S E Q 1 6 1 4 9 0 9 4 6 -3 2 .2 3 1 4 8 .6 3 40 9 .5 0 .9 0 .2 1 8 2 .4 8 2 .4 8 -5 6 .2 4 1 -2 6 .9 3 5 78 B
A U D C S x  Sy S K S E Q 1 7 1 1 4 2 1 3 8 -3 2 .2 3 1 4 8 .6 3 20 11 .5 0 .6 0 .1 1 4 5 .5 4 5 5 .5 4 -3 3 .0 3 7 -7 2 .0 6 2 28 B
A U D C S x  Sy S K S E Q 1 7 2 8 1 2 2 3 4 -3 2 .2 3 1 4 8 .6 3 179 8 .5 0 .9 0 .3 16 .81 16 .81 5 2 .3 9 1 1 7 6 .7 6 9 119 B
A U D C S x  Sy S K S E Q 1 8 0 2 3 0 9 3 1 -3 2 .2 3 1 4 8 .6 3 160 13 .5 1.1 0 .3 2 3 0 .6 3 0 .6 5 6 .0 4 6 -1 4 9 .0 7 3 25 A
A U D H S x  Sy P K S E Q 1 3 3 0 4 2 3 0 3 -1 2 .4 4 1 3 0 .8 3 7 2 .5 1 .45 0 .1 1 5 3 .5 3 6 3 .5 3 -3 0 .2 9 8 -7 1 .5 5 7 29 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
A U D H S x  Sy P K S E Q 1 4 0 7 5 2 1 1 6 -1 2 .4 4 1 3 0 .8 3 6 7 1 .55 0 .2 2 1 4 6 .3 6 5 6 .3 6 -1 9 .9 9 9 -7 0 .7 2 4 20 B
A U D H S x  Sy S K K E Q 1 5 3 2 8 2 2 5 0 -1 2 .4 4 1 3 0 .8 3 148 2 1 .75 0 .3 3 1 3 4 .8 7 4 4 .8 7 -1 0 .0 4 7 -7 1 .0 2 3 6 1 1 .7 A
A U J C S x  Sy S K S E Q 1 4 0 3 2 0 3 5 8 -3 3 .2 1 3 8 .61 67 9 .5 1 .15 0 .3 1 8 7 .6 7 7 .6 7 -5 6 .8 2 7 -2 7 .3 3 9 130 B
A U K H S x  Sy S K S E Q 1 5 3 5 1 1 9 4 9 -3 3 .4 6 1 5 1 .3 8 23 6 1 .65 0 .3 2 8 9 .8 8 9 .8 1 5 .8 0 4 -9 3 .6 2 7 8 5 .9 B
A U K H S x  Sy S K S E Q 1 6 1 4 9 0 9 4 6 -3 3 .4 6 1 5 1 .3 8 63 5 .5 1.3 0 .2 1 8 0 .9 4 0 .9 4 -5 6 .2 4 1 -2 6 .9 3 5 78 B
A U L R C x  S y S K K E Q 1 5 3 2 8 2 2 5 0 -2 9 .4 3 1 4 7 .9 8 11 4 .5 0 .9 5 0 .1 5 1 3 0 .2 8 4 0 .2 8 -1 0 .0 4 7 -7 1 .0 2 3 6 1 1 .7 B
A U L R C x  S y S K S E Q 1 6 1 4 9 0 9 4 6 -2 9 .4 3 1 4 7 .9 8 38 5 .5 0 .9 0 .1 5 1 8 2 .8 5 2 .8 5 -5 6 .2 4 1 -2 6 .9 3 5 78 B
A U L R C x  S y S K S E Q 1 7 1 1 4 2 1 3 8 -2 9 .4 3 1 4 7 .9 8 4 2 3 1 .15 0 .2 5 1 4 5 .5 5 5 5 .5 5 -3 3 .0 3 7 -7 2 .0 6 2 28 B
A U M A G x  S y S K S E Q 1 6 1 4 9 0 9 4 6 -3 6 .1 1 4 4 .7 5 62 18 .5 0 .4 5 0 .2 7 1 8 4 .6 3 4 .6 4 -5 6 .2 4 1 -2 6 .9 3 5 78 B
A U M A R x  S y P K S E Q 1 4 1 8 8 1 1 2 3 -3 4 .8 9 1 3 8 .6 4 4 7 7 0 .7 0 .1 100 .4 1 10 .41 1 4 .7 2 4 -9 2 .4 6 1 53 A
A U M A R x  S y P K S E Q 1 5 3 5 1 1 9 4 9 -3 4 .8 9 1 3 8 .6 4 46 13 0 .6 0 .2 3 9 8 .4 4 8 .4 4 1 5 .8 0 4 -9 3 .6 2 7 8 5 .9 B
A U M A R x  S y P K S E Q 1 6 3 2 9 1 8 4 3 -3 4 .8 9 1 3 8 .6 4 54 17 .5 0 .4 0 .1 5 1 0 6 .0 4 1 6 .0 5 1 1 .9 1 9 -8 8 .8 9 2 9 .9 B
A U M A R x  S y S K S E Q 1 5 2 9 9 0 9 0 9 -3 4 .8 9 1 3 8 .6 4 66 10 .5 0 .7 5 0 .2 3 1 1 .4 4 1 .4 3 6 .4 4 1 7 0 .7 1 7 2 1 2 .5 B
A U M O U x  S y P K S E Q 1 7 2 0 1 2 2 3 1 -2 4 .5 8 1 4 9 .9 8 148 15 0 .9 0 .3 2 9 8 .4 7 2 8 .4 8 3 6 .9 2 9 2 7 .4 1 4 7 B
A U R M K x  S y P K S E Q 1 6 1 3 9 1 6 4 6 - 3 4 .1 7 1 4 0 .7 4 56 4 0 .8 5 0 .1 2 122 .9 3 2 .9 0 .4 9 5 -7 9 .6 1 6 30 B
A U R M K x  S y S K S E Q 1 6 1 4 9 0 9 4 6 - 3 4 .1 7 1 4 0 .7 4 73 6 1 .25 0 .3 1 8 6 .8 4 6 .8 4 -5 6 .2 4 1 -2 6 .9 3 5 78 B
A U T K S x  S y S K S E Q 1 6 1 4 9 0 9 4 6 -3 3 .7 8 1 5 1 .0 3 71 4 1 0 .1 8 1 8 1 .1 4 1 .14 -5 6 .2 4 1 -2 6 .9 3 5 78 A
A U W S H x  S y S K K E Q 1 3 2 4 8 0 4 0 1 -2 7 .4 1 5 3 .0 4 5 17 0 .8 0 .2 5 1 2 1 .8 8 3 1 .8 8 1 5 .1 8 4 -4 5 .2 3 2 10 B
A U W S H x  S y S K S E Q 1 7 1 1 4 2 1 3 8 -2 7 .4 1 5 3 .0 4 14 9 .5 1 .15 0 .2 8 1 4 1 .7 2 5 1 .7 2 -3 3 .0 3 7 -7 2 .0 6 2 28 B
B A 0 7 x x  1P S K K E Q 1 1 2 4 5 1 3 4 7 -4 0 .4 3 1 4 8 .31 104 9 .5 1 .25 0 .2 8 1 5 1 .5 9 6 1 .5 9 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
B A 0 7 x x  1P S K K E Q 1 2 1 4 9 0 5 0 7 -4 0 .4 3 1 4 8 .31 96 16 1.4 0 .5 7 1 5 1 .3 9 6 1 .3 9 -2 8 .0 4 3 -6 3 .0 9 4 5 8 6 .9 B
B A 0 7 x x  1P S K S E Q 1 1 2 4 5 1 3 4 7 -4 0 .4 3 1 4 8 .31 140 14 1.4 0 .7 3 1 5 1 .5 9 6 1 .5 9 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
B A 0 7 x x  1P S K S E Q 1 2 0 8 5 2 2 3 7 -4 0 .4 3 1 4 8 .31 83 16 .5 0 .9 5 0 .4 7 1 4 7 .6 5 5 7 .6 5 -3 5 .2 -7 2 .2 1 7 4 0 .7 B
B A 0 8 x x  1P S K S E Q 1 2 0 8 5 2 2 3 7 - 3 9 .7 7 1 4 7 .9 7 84 17 1.1 0 .4 1 4 7 .8 5 5 7 .8 6 -3 5 .2 -7 2 .2 1 7 4 0 .7 B
B A 0 9 x x  1P S K K E Q 1 1 2 4 5 1 3 4 7 - 3 9 .4 7 1 4 7 .3 2 85 16 0 .9 5 0 .6 5 1 5 2 .2 9 6 2 .2 9 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
B A 0 9 x x  1P S K S E Q 1 1 2 4 5 1 3 4 7 - 3 9 .4 7 1 4 7 .3 2 96 20 0 .7 5 0 .5 3 1 5 2 .2 9 6 2 .2 9 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
B A 1 1 x x  1P S K S E Q 1 2 1 4 9 0 5 0 7 -3 9 .6 4 1 4 3 .9 8 107 19 0 .8 0 .5 1 5 4 .9 6 6 4 .9 7 -2 8 .0 4 3 -6 3 .0 9 4 5 8 6 .9 B
B A 1 2 x x  1P S K S E Q 1 1 2 6 1 1 2 4 0 -3 7 .6 6 1 4 9 .41 153 6 .5 1 .7 0 .4 5 3 0 8 .8 8 3 8 .8 8 2 7 .7 3 8 8 .1 5 5 50 B
B A 1 3 x x  1P S K K E Q 1 1 1 7 5 0 3 0 9 -3 7 .6 3 1 4 8 .8 3 138 17 .5 0 .5 5 0 .1 8 2 3 .1 6 2 3 .1 6 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
B A 1 3 x x  1P S K K E Q 1 2 2 7 0 2 3 3 9 -3 7 .6 3 1 4 8 .8 3 132 13 .5 0 .9 0 .3 19 .83 1 9 .8 3 5 1 .5 9 2 -1 7 8 .2 9 5 16 B
B A 1 3 x x  1P S K S E Q 1 1 1 7 5 0 3 0 9 -3 7 .6 3 1 4 8 .8 3 137 20 0 .4 5 0 .2 5 2 3 .1 6 2 3 .1 6 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
B A 1 3 x x  1P S K S E Q 1 2 2 2 7 0 2 5 9 -3 7 .6 3 1 4 8 .8 3 127 2 0 .5 0 .5 0 .4 3 3 5 7 .5 6 8 7 .5 6 4 9 .8 1 4 5 .0 6 4 5 8 3 .2 B
B A 1 3 x x  1P S K S E Q 1 2 2 7 0 2 3 3 9 -3 7 .6 3 1 4 8 .8 3 132 7 .5 0 .8 5 0 .1 8 19 .83 1 9 .8 3 5 1 .5 9 2 -1 7 8 .2 9 5 16 A
B A 1 4 x x  1P S K K E Q 1 1 1 7 5 0 3 0 9 -3 7 .6 3 148 128 2 2 .5 0 .6 5 0 .8 8 2 3 .6 1 2 3 .6 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
B A 1 4 x x  1P S K S E Q 1 1 1 7 5 0 3 0 9 -3 7 .6 3 148 124 2 1 .5 0 .6 5 0 .9 2 3 .6 1 2 3 .6 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
B A 1 7 x x  1P S K S E Q 1 2 0 8 5 2 2 3 7 -3 9 .0 4 1 4 6 .3 3 123 8 .5 1 .85 0 .4 7 1 4 8 .9 8 5 8 .9 8 -3 5 .2 -7 2 .2 1 7 4 0 .7 B
B A 1 7 x x  1P S K S E Q 1 2 2 2 7 0 2 5 9 -3 9 .0 4 1 4 6 .3 3 55 9 .5 0 .6 0 .1 2 3 5 9 .1 8 8 9 .1 8 4 9 .8 1 4 5 .0 6 4 5 8 3 .2 A
B A 1 9 x x  1P S K S E Q 1 1 2 4 5 1 0 5 5 - 3 8 .5 7 1 4 5 .6 9 75 10 .5 0 .4 5 0 .0 8 2 4 .8 8 2 4 .8 8 5 2 .1 7 1 -1 7 1 .7 0 8 3 2 B
B A 1 9 x x  1P S K S E Q 1 2 2 2 7 0 2 5 9 - 3 8 .5 7 1 4 5 .6 9 56 17 0 .6 5 0 .3 3 5 9 .5 9 8 9 .5 9 4 9 .8 1 4 5 .0 6 4 5 8 3 .2 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
B A 2 0 x x  1P S K S E Q 1 2 2 2 7 0 2 5 9 - 3 8 .4 2 1 4 4 .9 2 33 11 .5 1 .45 0 .4 0 .0 9 0 .0 9 4 9 .8 1 4 5 .0 6 4 5 8 3 .2 B
B A 2 2 x x  1P S K S E Q 1 1 1 7 5 0 3 0 9 -3 7 .9 9 1 4 3 .61 46 11 .5 0 .6 5 0 .2 2 5 .9 3 2 5 .9 3 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
B B O O x x  A U P K S E Q 0 7 3 2 0 0 3 1 3 -3 2 .8 1 1 3 6 .0 6 72 19 .5 0 .6 0 .2 5 130 .8 4 0 .8 -2 .3 1 2 -7 7 .8 3 8 122 .9 A
B B O O x x  A U P K S E Q 1 4 2 8 7 0 3 5 1 -3 2 .8 1 1 3 6 .0 6 83 9 .5 0 .8 0 .2 5 1 0 6 .0 8 1 6 .0 8 1 2 .5 2 6 -8 8 .1 2 2 4 0 B
B B O O x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 -3 2 .8 1 1 3 6 .0 6 67 5 .5 0 .6 5 0 .1 7 1 4 4 .4 6 5 4 .4 6 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
B B O O x x  A U S K K E Q 0 7 3 3 3 1 9 0 0 -3 2 .8 1 1 3 6 .0 6 57 5 1.5 0 .7 3 1 3 4 .3 8 4 4 .3 8 1 4 .9 4 4 -6 1 .2 7 4 156 B
B B O O x x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -3 2 .8 1 1 3 6 .0 6 45 17 .5 0 .5 5 0 .2 2 108 .9 18 .9 1 1 .6 4 2 -8 5 .8 7 8 135 B
B B O O x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 -3 2 .8 1 1 3 6 .0 6 81 2 .5 1.5 0 .1 8 1 8 9 .0 4 9 .0 4 -5 6 .8 2 7 -2 7 .3 3 9 130 A
B B O O x x  A U S K S E Q 1 5 2 9 9 0 9 0 9 -3 2 .8 1 1 3 6 .0 6 68 13 .5 0 .7 0 .2 3 1 2 .8 4 4 2 .8 4 3 6 .4 4 1 7 0 .7 1 7 2 1 2 .5 B
B B O O x x  A U S K S E Q 1 6 1 0 1 1 0 2 8 -3 2 .8 1 1 3 6 .0 6 64 3 0 .6 5 0 .0 8 3 1 3 .0 7 4 3 .0 7 3 6 .4 7 2 7 1 .1 3 1 2 1 2 A
B B O O x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -3 2 .8 1 1 3 6 .0 6 77 2 1 .35 0 .1 189 .4 9 .4 -5 6 .2 4 1 -2 6 .9 3 5 78 A
B L 0 6 x x  6F S K K E Q 1 1 0 6 5 1 4 3 2 - 1 8 .8 7 1 3 4 .0 5 157 20 0 .6 0 .2 3 1 9 0 .6 5 1 0 .6 5 -5 6 .4 2 2 -2 7 .0 6 3 8 7 .7 B
B L 0 6 x x  6F S K S E Q 0 9 3 2 1 1 5 3 0 - 1 8 .8 7 1 3 4 .0 5 1 17 0 .9 5 0 .4 3 4 0 .1 4 0 .1 5 2 .1 2 3 -1 3 1 .3 9 5 17 B
B L 0 6 x x  6F S K S E Q 1 0 3 4 2 0 5 2 4 - 1 8 .8 7 1 3 4 .0 5 170 9 .5 0 .7 0 .1 7 1 9 1 .3 7 1 1 .3 7 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 A
B L 0 6 x x  6F S K S E Q 1 1 0 6 5 1 4 3 2 - 1 8 .8 7 1 3 4 .0 5 173 15 .5 0 .6 5 0 .2 8 1 9 0 .6 5 1 0 .6 5 -5 6 .4 2 2 -2 7 .0 6 3 8 7 .7 B
B L 0 8 x x  6F S K S E Q 0 9 0 5 9 1 4 3 3 -2 0 .5 9 1 3 4 .3 67 19 .5 0 .5 5 0 .3 3 1 9 0 .2 5 1 0 .2 5 -6 0 .5 2 5 -2 4 .7 9 6 15 A
B L 0 9 x x  6F P K S E Q 1 0 0 1 2 2 1 5 3 -2 1 .1 1 1 3 4 .0 3 59 2 0 .5 0 .7 0 .3 3 9 1 .3 9 1.4 1 8 .4 4 3 -7 2 .5 7 1 13 B
B L 0 9 x x  6F S K S E Q 0 9 0 5 9 1 4 3 3 -2 1 .1 1 1 3 4 .0 3 83 10 .5 0 .6 0 .2 3 1 9 0 .3 7 1 0 .3 7 -6 0 .5 2 5 -2 4 .7 9 6 15 A
B L 0 9 x x  6F S K S E Q 0 9 1 0 6 1 4 5 7 -2 1 .1 1 1 3 4 .0 3 84 2 2 .5 0 .7 2 .3 8 1 8 9 .4 9 9 .5 -6 0 .2 0 3 -2 6 .8 5 8 20 B
B L 1 0 x x  6F S K S E Q 1 0 3 4 2 0 5 2 4 -2 1 .5 8 1 3 3 .71 177 13 .5 0 .7 5 0 .3 1 9 1 .4 4 1 1 .4 4 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
B L 1 1 x x  6F S K K E Q 1 1 0 6 5 1 4 3 2 -2 2 .1 5 1 3 3 .4 9 174 17 .5 0 .9 0 .4 2 1 9 0 .8 3 1 0 .8 3 -5 6 .4 2 2 -2 7 .0 6 3 8 7 .7 B
B L 1 1 x x  6F S K S E Q 1 0 3 4 2 0 5 2 4 -2 2 .1 5 1 3 3 .4 9 176 4 0 .9 5 0 .2 1 9 1 .5 4 1 1 .5 4 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
B L 1 1 x x  6F S K S E Q 1 1 0 6 5 1 4 3 2 -2 2 .1 5 1 3 3 .4 9 179 3 .5 1 0 .2 2 1 9 0 .8 3 1 0 .8 3 -5 6 .4 2 2 -2 7 .0 6 3 8 7 .7 A
B L 1 2 x x  6F S K S E Q 1 0 3 4 2 0 5 2 4 -2 2 .7 4 1 3 3 .4 8 152 19 .5 0 .4 0 .2 7 1 9 1 .5 2 1 1 .5 2 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
B L 1 3 x x  6F S K S E Q 0 9 0 5 9 1 4 3 3 -2 3 .4 1 3 3 .4 8 72 7 .5 1.1 0 .2 1 9 0 .5 8 1 0 .5 8 -6 0 .5 2 5 -2 4 .7 9 6 15 A
B L 1 3 x x  6F S K S E Q 0 9 1 0 6 1 4 5 7 -2 3 .4 1 3 3 .4 8 77 13 0 .8 5 0 .3 189 .7 1 9 .7 1 -6 0 .2 0 3 -2 6 .8 5 8 20 B
B L 1 3 x x  6F S K S E Q 1 0 1 9 9 0 5 5 6 -2 3 .4 1 3 3 .4 8 99 11 .5 0 .9 0 .2 8 3 0 .4 3 3 0 .4 3 5 2 .8 7 6 -1 6 9 .8 4 8 14 B
B L 1 4 x x  6F S K K E Q 1 0 0 0 5 0 4 5 5 -2 3 .9 3 1 3 3 .3 7 80 10 .5 1 .45 0 .4 5 1 9 6 .3 2 1 6 .3 2 -5 8 .1 7 3 -1 4 .6 9 5 13 B
B L 1 4 x x  6F S K S E Q 0 9 0 5 9 1 4 3 3 -2 3 .9 3 1 3 3 .3 7 67 6 1 .05 0 .1 5 1 9 0 .6 2 1 0 .6 3 -6 0 .5 2 5 -2 4 .7 9 6 15 B
B L 1 4 x x  6F S K S E Q 0 9 1 0 6 1 4 5 7 -2 3 .9 3 1 3 3 .3 7 66 11 .5 0 .9 5 0 .2 5 1 8 9 .7 6 9 .7 6 -6 0 .2 0 3 -2 6 .8 5 8 20 B
B L 1 5 x x  6F S K K E Q 0 8 2 8 5 1 0 4 0 -2 4 .3 9 1 3 3 .2 9 56 5 .5 0 .8 0 .1 2 1 0 3 .6 6 1 3 .6 5 19 .1 6 1 -6 4 .8 3 3 23 A
B L 1 5 x x  6F S K S E Q 0 9 1 0 6 1 4 5 7 -2 4 .3 9 1 3 3 .2 9 67 6 1 .25 0 .2 1 8 9 .7 9 9 .7 9 -6 0 .2 0 3 -2 6 .8 5 8 20 B
B L 1 6 x x  6F S K K E Q 0 8 2 8 5 1 0 4 0 - 2 4 .9 2 1 3 3 .3 35 17 .5 0 .6 5 0 .3 1 0 5 .2 5 1 5 .2 5 19 .1 6 1 -6 4 .8 3 3 23 B
B L 1 6 x x  6F S K S E Q 1 0 3 4 2 0 5 2 4 - 2 4 .9 2 1 3 3 .3 72 4 1 0 .1 5 1 9 1 .5 6 1 1 .5 6 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
B L 1 7 x x  6F S K S E Q 0 9 1 0 6 1 4 5 7 -2 5 .5 5 1 3 3 .11 56 9 .5 0 .9 0 .1 5 1 8 9 .8 6 9 .8 6 -6 0 .2 0 3 -2 6 .8 5 8 20 B
B L 1 8 x x  6F S K S E Q 0 9 1 0 6 1 4 5 7 -2 6 .1 5 1 3 3 .2 9 78 2 1 .5 0 .9 5 0 .4 5 1 8 9 .7 7 9 .7 7 -6 0 .2 0 3 -2 6 .8 5 8 20 B
B L 2 0 x x  6F S K K E Q 0 9 0 5 9 1 4 3 3 - 2 7 .3 7 1 3 3 .5 3 84 5 1 .2 0 .2 5 1 9 0 .5 2 1 0 .5 2 -6 0 .5 2 5 -2 4 .7 9 6 15 B
B L 2 0 x x  6F S K K E Q 1 0 0 1 2 2 1 5 3 - 2 7 .3 7 1 3 3 .5 3 46 5 1 .55 0 .2 2 1 0 4 .7 8 1 4 .7 8 1 8 .4 4 3 -7 2 .5 7 1 13 B
B L 2 0 x x  6F S K S E Q 0 9 0 5 9 1 4 3 3 - 2 7 .3 7 1 3 3 .5 3 82 13 .5 1 .05 0 .4 2 1 9 0 .5 2 1 0 .5 2 -6 0 .5 2 5 -2 4 .7 9 6 15 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
B L 2 4 x x  6F S K S E Q 1 0 3 4 2 0 5 2 4 -3 1 .2 8 1 3 5 .2 8 72 5 1 0 .1 5 1 9 0 .4 2 10 .41 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
B L 2 4 x x  6F S K S E Q 1 1 0 0 1 0 9 5 6 -3 1 .2 8 1 3 5 .2 8 60 12 .5 0 .9 5 0 .4 5 1 6 1 .0 5 7 1 .0 4 -2 6 .8 0 3 -6 3 .1 3 6 5 7 6 .8 B
B L D U x x  A U P K S E Q 1 0 1 2 6 0 2 4 2 -3 0 .6 1 1 1 6 .71 133 7 .5 0 .7 5 0 .1 5 1 7 0 .8 2 8 0 .8 2 -1 8 .0 5 8 -7 0 .5 4 7 3 7 B
B L D U x x  A U P K S E Q 1 1 2 3 6 1 7 4 6 -3 0 .6 1 1 1 6 .71 137 9 1 .2 0 .3 8 1 6 2 .3 4 7 2 .3 4 -7 .6 4 1 -7 4 .5 2 5 147 B
B L D U x x  A U P K S E Q 1 1 3 0 1 1 8 5 4 -3 0 .6 1 1 1 6 .71 135 4 1 .15 0 .1 5 1 6 2 .9 3 7 2 .9 4 -1 4 .4 3 8 -7 5 .9 6 6 24 A
B L D U x x  A U P K S E Q 1 1 3 2 6 1 8 4 8 -3 0 .6 1 1 1 6 .71 149 7 .5 0 .8 5 0 .1 8 1 7 7 .5 8 8 7 .5 8 -1 5 .3 6 4 -6 5 .0 9 5 4 9 .9 A
B L D U x x  A U P K S E Q 1 4 0 9 3 0 2 4 3 -3 0 .6 1 1 1 6 .71 157 4 .5 1 .35 0 .3 5 1 7 1 .3 7 8 1 .3 8 -2 0 .5 7 -7 0 .4 7 1 35 B
B L D U x x  A U P K S E Q 1 4 2 3 6 2 3 2 1 -3 0 .6 1 1 1 6 .71 121 16 .5 0 .5 5 0 .2 5 166 .1 1 7 6 .1 1 -1 4 .5 9 8 -7 3 .5 7 1 101 B
B L D U x x  A U P K S E Q 1 8 0 1 4 0 9 1 8 -3 0 .6 1 1 1 6 .71 136 5 .5 1 0 .2 1 6 4 .9 9 7 4 .9 9 -1 5 .7 5 9 -7 4 .7 1 39 A
B L D U x x  A U P K S E Q 1 8 0 2 1 0 1 0 6 -3 0 .6 1 1 1 6 .71 124 15 0 .7 5 0 .2 5 1 7 2 .1 2 8 2 .1 3 -1 8 .8 8 8 -6 9 .6 1 7 110 .8 B
B L D U x x  A U S K K E Q 1 5 3 2 8 2 2 4 5 -3 0 .6 1 1 1 6 .71 142 5 .5 1.3 0 .1 8 1 6 8 .5 8 7 8 .5 9 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 B
B L D U x x  A U S K K E Q 1 5 3 2 8 2 2 5 0 -3 0 .6 1 1 1 6 .71 142 14 .5 0 .9 0 .3 3 1 6 8 .3 7 7 8 .3 7 -1 0 .0 4 7 -7 1 .0 2 3 6 1 1 .7 B
C M S A x x  A U S K S E Q 1 0 3 4 2 0 5 2 4 -3 1 .5 4 1 4 5 .6 9 66 5 1.1 0 .1 8 1 8 4 .7 5 4 .7 5 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 A
C O E N x x  A U P K S E Q 0 7 0 5 5 0 2 3 6 -1 3 .9 6 1 4 3 .1 8 162 12 .5 0 .6 0 .1 3 1 1 2 .9 2 2 2 .9 2 -7 .0 0 6 -8 0 .4 8 5 23 A
C O E N x x  A U P K S E Q 1 1 3 0 1 1 8 5 4 -1 3 .9 6 1 4 3 .1 7 148 7 .5 1 0 .2 5 1 2 4 .5 3 3 4 .5 2 -1 4 .4 3 8 -7 5 .9 6 6 24 B
C O E N x x  A U P K S E Q 1 1 3 2 6 1 8 4 8 -1 3 .9 6 1 4 3 .1 7 9 16 0 .4 5 0 .1 2 1 3 5 .1 6 4 5 .1 5 -1 5 .3 6 4 -6 5 .0 9 5 4 9 .9 A
C O E N x x  A U P K S E Q 1 2 2 7 4 1 6 3 1 -1 3 .9 6 1 4 3 .1 7 149 10 0 .6 5 0 .1 2 1 0 3 .4 7 1 3 .4 6 1 .929 -7 6 .3 6 2 170 A
C O E N x x  A U P K S E Q 1 8 0 1 4 0 9 1 8 -1 3 .9 6 1 4 3 .1 7 144 2 0 .5 1 .05 0 .5 1 2 6 .9 2 3 6 .9 1 -1 5 .7 5 9 -7 4 .7 1 39 A
C O E N x x  A U S K S E Q 0 6 0 0 2 0 6 1 0 -1 3 .9 6 1 4 3 .1 8 130 9 .5 0 .8 0 .2 187 .6 7 .6 -6 0 .9 5 7 -2 1 .6 0 6 13 B
C O E N x x  A U S K S E Q 0 6 2 3 2 0 3 4 1 -1 3 .9 6 1 4 3 .1 8 126 14 .5 1 .05 0 .2 5 1 8 1 .2 4 1 .24 -6 1 .0 2 9 -3 4 .3 7 1 13 B
C O E N x x  A U S K S E Q 0 8 0 4 1 1 2 2 2 -1 3 .9 6 1 4 3 .1 7 149 11 1 .05 0 .2 7 1 8 5 .6 8 5 .6 8 -6 0 .7 9 7 -2 5 .5 8 6 8 B
C O E N x x  A U S K S E Q 1 4 1 0 5 0 3 5 7 -1 3 .9 6 1 4 3 .1 7 157 13 0 .9 0 .2 5 2 0 5 .8 6 2 5 .8 6 -5 3 .5 2 7 8 .7 0 4 11 .7 B
C O E N x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -1 3 .9 6 1 4 3 .1 7 160 4 .5 1.9 0 .3 2 1 8 5 .8 4 5 .8 4 -5 6 .2 4 1 -2 6 .9 3 5 78 B
C P 1 1 x x  7J P K S E Q 0 6 2 3 7 0 0 4 4 - 2 5 .4 7 1 1 7 .1 2 104 22 1 .15 0 .4 8 1 7 5 .0 4 8 5 .0 4 -2 4 .4 0 3 -6 7 .0 2 8 184 B
C P 1 1 x x  7J S K K E Q 0 6 2 8 8 1 7 0 7 - 2 5 .4 7 1 1 7 .1 2 134 15 1 0 .3 5 7 0 .8 1 7 0 .8 1 1 9 .8 7 9 - 1 5 5 .9 3 7 3 9 .1 B
C T A O x x  IU P K S E Q 1 1 2 3 6 1 7 4 6 -2 0 .0 9 1 4 6 .2 5 102 2 2 .5 0 .5 0 .4 3 1 2 0 .4 4 3 0 .4 4 -7 .6 4 1 -7 4 .5 2 5 147 B
C T A O x x  IU S K K E Q 1 7 0 5 2 1 4 0 9 -2 0 .0 9 1 4 6 .2 5 39 3 .5 1 .2 0 .2 7 1 4 1 .0 8 5 1 .0 7 -1 9 .2 8 4 -6 3 .8 9 9 5 9 7 .9 B
C T A O x x  IU S K S E Q 1 6 1 4 9 0 9 4 6 -2 0 .0 9 1 4 6 .2 5 73 7 .5 0 .8 5 0 .2 3 183 .9 1 3 .9 1 -5 6 .2 4 1 -2 6 .9 3 5 78 B
C T A x x x  A U P K S E Q 1 1 2 3 6 1 7 4 6 -2 0 .0 9 1 4 6 .2 5 110 16 .5 0 .9 0 .4 7 1 2 0 .4 4 3 0 .4 4 -7 .6 4 1 -7 4 .5 2 5 147 A
C T A x x x  A U S K K E Q 1 7 0 5 2 1 4 0 9 -2 0 .0 9 1 4 6 .2 5 37 3 .5 1 .2 0 .2 5 1 4 1 .0 8 5 1 .0 8 -1 9 .2 8 4 -6 3 .8 9 9 5 9 7 .9 B
C T A x x x  A U S K S E Q 1 0 3 4 2 0 5 2 4 -2 0 .0 9 1 4 6 .2 5 74 13 .5 0 .8 0 .3 3 1 8 4 .5 7 4 .5 7 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
C T A x x x  A U S K S E Q 1 6 0 2 4 1 0 3 0 -2 0 .0 9 1 4 6 .2 5 98 9 1 .25 0 .4 3 2 6 .2 8 2 6 .2 8 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
C T A x x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -2 0 .0 9 1 4 6 .2 5 72 6 0 .8 0 .1 5 183 .9 1 3 .9 1 -5 6 .2 4 1 -2 6 .9 3 5 78 A
E I D S x x  A U P K S E Q 1 0 0 1 2 2 1 5 3 - 2 5 .3 7 1 5 1 .0 8 62 7 .5 1.3 0 .2 5 9 0 .7 2 0 .7 2 1 8 .4 4 3 -7 2 .5 7 1 13 B
E I D S x x  A U S K K E Q 1 2 3 1 2 1 6 3 5 - 2 5 .3 7 1 5 1 .0 8 46 15 1 .05 0 .3 5 88 .1 88 .1 1 3 .9 6 3 -9 1 .8 5 4 24 B
E I D S x x  A U S K S E Q 0 9 0 5 9 1 4 3 3 - 2 5 .3 7 1 5 1 .0 8 59 13 0 .9 0 .3 1 8 2 .0 4 2 .0 4 -6 0 .5 2 5 -2 4 .7 9 6 15 B
E I D S x x  A U S K S E Q 1 0 0 7 0 1 4 3 9 - 2 5 .3 7 1 5 1 .0 8 7 13 .5 0 .6 0 .2 143 .6 5 3 .6 -3 4 .2 9 -7 1 .8 9 1 11 B
E I D S x x  A U S K S E Q 1 0 3 4 2 0 5 2 4 - 2 5 .3 7 1 5 1 .0 8 45 12 .5 0 .5 5 0 .1 2 1 8 1 .7 9 1 .78 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
E I D S x x  A U S K S E Q 1 1 0 0 1 0 9 5 6 - 2 5 .3 7 1 5 1 .0 8 43 14 0 .9 0 .4 145 .1 1 5 5 .1 1 -2 6 .8 0 3 -6 3 .1 3 6 5 7 6 .8 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
E I D S x x  A U S K S E Q 1 3 3 2 0 0 3 3 4 - 2 5 .3 7 1 5 1 .0 8 60 8 .5 1 .2 0 .4 2 1 7 1 .0 5 8 1 .0 5 -6 0 .2 6 3 -4 7 .0 6 2 10 A
E I D S x x  A U S K S E Q 1 5 3 5 1 1 9 4 9 - 2 5 .3 7 1 5 1 .0 8 61 14 .5 1 .15 0 .4 5 8 5 .4 3 8 5 .4 3 1 5 .8 0 4 -9 3 .6 2 7 8 5 .9 B
E I D S x x  A U S K S E Q 1 6 0 2 4 1 0 3 0 - 2 5 .3 7 1 5 1 .0 8 94 13 .5 1 0 .4 3 2 4 .9 4 2 4 .9 4 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
E I D S x x  A U S K S E Q 1 6 3 3 0 1 4 2 4 - 2 5 .3 7 1 5 1 .0 8 20 7 1 .05 0 .2 2 3 1 0 .3 9 4 0 .3 9 3 9 .2 3 7 4 .0 2 1 17 B
E I D S x x  A U S K S E Q 1 7 1 1 4 2 1 3 8 - 2 5 .3 7 1 5 1 .0 8 37 7 .5 1 .2 0 .3 3 1 4 2 .6 3 5 2 .6 3 -3 3 .0 3 7 -7 2 .0 6 2 28 B
F I T Z x x  A U P K S E Q 0 6 1 2 0 1 9 1 7 -1 8 .1 1 2 5 .6 4 140 4 .5 0 .6 0 .1 2 1 5 9 .7 6 6 9 .7 6 -2 7 .0 1 7 -7 1 .0 2 2 12 A
F I T Z x x  A U P K S E Q 0 6 2 3 7 0 0 4 4 -1 8 .1 1 2 5 .6 4 150 4 1 .35 0 .3 2 1 6 3 .2 8 7 3 .2 8 -2 4 .4 0 3 -6 7 .0 2 8 184 B
F I T Z x x  A U P K S E Q 1 0 0 8 5 1 4 5 2 -1 8 .1 1 2 5 .6 4 145 7 .5 0 .7 0 .2 1 6 0 .4 4 7 0 .4 4 -2 7 .9 5 3 -7 0 .8 2 1 4 2 A
F I T Z x x  A U P K S E Q 1 3 0 3 0 2 0 1 5 -1 8 .1 1 2 5 .6 4 146 17 .5 0 .7 5 0 .3 2 1 6 0 .7 2 7 0 .7 2 -2 8 .0 8 -7 0 .6 2 1 4 5 A
F I T Z x x  A U P K S E Q 1 5 0 4 2 1 8 5 7 -1 8 .1 1 2 5 .6 4 150 3 .5 1 .45 0 .3 1 6 3 .1 5 7 3 .1 5 -2 3 .1 1 2 -6 6 .6 8 9 2 2 3 A
F I T Z x x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -1 8 .1 1 2 5 .6 4 68 12 0 .6 0 .1 5 9 7 .4 7 7 .4 7 1 1 .6 4 2 -8 5 .8 7 8 135 B
F I T Z x x  A U S K S E Q 0 6 0 0 2 0 6 1 0 -1 8 .1 1 2 5 .6 4 92 5 1.3 0 .3 1 9 5 .4 2 1 5 .4 2 -6 0 .9 5 7 -2 1 .6 0 6 13 A
F I T Z x x  A U S K S E Q 0 8 0 4 1 1 2 2 2 -1 8 .1 1 2 5 .6 4 90 3 1 .35 0 .3 1 9 3 .7 9 1 3 .7 9 -6 0 .7 9 7 -2 5 .5 8 6 8 B
F I T Z x x  A U S K S E Q 0 8 0 5 4 1 5 5 7 -1 8 .1 1 2 5 .6 4 86 3 1 .45 0 .2 2 1 9 6 .4 7 1 6 .4 7 -5 7 .3 3 5 -2 3 .4 3 3 14 A
F I T Z x x  A U S K S E Q 0 8 1 8 2 0 6 1 7 -1 8 .1 1 2 5 .6 4 83 4 .5 1 .15 0 .2 1 9 6 .6 4 1 6 .6 4 -5 8 .2 2 7 -2 2 .0 9 9 8 B
F I T Z x x  A U S K S E Q 0 9 1 0 6 1 4 5 7 -1 8 .1 1 2 5 .6 4 91 1 2 .0 5 0 .2 193 .5 13 .5 -6 0 .2 0 3 -2 6 .8 5 8 20 A
F I T Z x x  A U S K S E Q 1 0 3 4 2 0 5 2 4 -1 8 .1 1 2 5 .6 4 82 5 1.1 0 .1 8 1 9 5 .7 9 1 5 .7 9 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
F I T Z x x  A U S K S E Q 1 1 0 6 5 1 4 3 2 -1 8 .1 1 2 5 .6 4 71 7 0 .9 5 0 .1 5 1 9 5 .1 2 1 5 .1 2 -5 6 .4 2 2 -2 7 .0 6 3 8 7 .7 B
F I T Z x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 -1 8 .1 1 2 5 .6 4 76 3 .5 1 .05 0 .1 2 1 9 4 .7 9 1 4 .7 9 -5 6 .8 2 7 -2 7 .3 3 9 130 B
F O R T x x  A U P K S E Q 0 8 0 4 3 1 2 5 0 -3 0 .7 8 1 2 8 .0 6 67 11 .5 0 .5 5 0 .1 5 1 0 0 .5 4 1 0 .5 4 1 6 .3 5 7 -9 4 .3 0 4 83 B
F O R T x x  A U P K S E Q 1 2 3 1 2 1 6 3 5 -3 0 .7 8 1 2 8 .0 6 72 6 .5 0 .6 5 0 .1 105 .5 1 15 .51 1 3 .9 6 3 -9 1 .8 5 4 24 A
F O R T x x  A U P K S E Q 1 3 1 1 2 0 1 1 6 -3 0 .7 8 1 2 8 .0 6 50 17 .5 0 .3 0 .1 8 9 3 .5 6 3 .5 6 1 8 .1 2 7 -1 0 1 .9 0 8 30 B
F O R T x x  A U P K S E Q 1 4 1 0 1 2 0 2 9 -3 0 .7 8 1 2 8 .0 6 50 10 .5 0 .7 0 .1 8 113 .8 1 2 3 .8 1 1 1 .6 4 2 -8 5 .8 7 8 135 B
F O R T x x  A U P K S E Q 1 4 1 8 8 1 1 2 3 -3 0 .7 8 1 2 8 .0 6 64 9 .5 0 .6 0 .1 1 0 4 .0 4 1 4 .0 4 1 4 .7 2 4 -9 2 .4 6 1 53 B
F O R T x x  A U P K S E Q 1 7 2 6 2 1 8 1 4 -3 0 .7 8 1 2 8 .0 6 63 9 .5 0 .5 0 .1 9 4 .9 9 4 .9 9 18 .55 -9 8 .4 8 9 4 8 A
F O R T x x  A U S K S E Q 0 6 1 4 2 1 3 0 8 -3 0 .7 8 1 2 8 .0 6 51 14 .5 0 .4 0 .1 5 17 .26 1 7 .2 6 5 4 .2 7 1 1 5 8 .4 4 7 197 B
F O R T x x  A U S K S E Q 0 8 1 8 7 0 2 1 2 -3 0 .7 8 1 2 8 .0 6 45 7 0 .4 5 0 .1 14 .41 14 .41 5 3 .8 8 2 1 5 2 .8 8 6 6 3 2 .8 A
F O R T x x  A U S K S E Q 0 8 3 2 9 0 9 0 2 -3 0 .7 8 1 2 8 .0 6 43 17 0 .4 5 0 .1 5 15 .08 1 5 .0 8 5 4 .2 0 3 1 5 4 .3 2 2 4 9 2 .3 A
F O R T x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 -3 0 .7 8 1 2 8 .0 6 91 1.5 1.3 0 .1 2 1 9 3 .2 3 1 3 .2 3 -5 6 .8 2 7 -2 7 .3 3 9 130 B
F O R T x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -3 0 .7 8 1 2 8 .0 6 90 2 1 .2 0 .1 5 1 9 3 .6 5 1 3 .6 5 -5 6 .2 4 1 -2 6 .9 3 5 78 A
G I R L x x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -2 2 .6 4 1 1 4 .2 3 45 6 .5 1 .15 0 .3 1 1 6 .3 6 2 6 .3 6 1 1 .6 4 2 -8 5 .8 7 8 135 B
G I R L x x  A U S K K E Q 1 5 3 5 1 1 9 4 9 -2 2 .6 4 1 1 4 .2 3 35 4 1.3 0 .2 9 9 .5 5 9 .5 6 1 5 .8 0 4 -9 3 .6 2 7 8 5 .9 B
H T T x x x  A U P K S E Q 1 4 2 8 7 0 3 5 1 -3 3 .4 3 1 3 8 .9 2 27 4 1.5 0 .3 8 1 0 4 .4 9 1 4 .4 9 1 2 .5 2 6 -8 8 .1 2 2 4 0 A
H T T x x x  A U P K S E Q 1 7 1 6 5 0 7 2 9 -3 3 .4 3 1 3 8 .9 2 22 8 0 .9 0 .2 8 9 9 .1 1 9 .1 1 1 4 .9 0 9 -9 2 .0 0 9 93 A
H T T x x x  A U S K S E Q 1 0 0 7 0 1 4 3 9 -3 3 .4 3 1 3 8 .9 2 12 17 .5 0 .5 0 .2 5 1 5 3 .7 2 6 3 .7 2 -3 4 .2 9 -7 1 .8 9 1 11 B
H T T x x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -3 3 .4 3 1 3 8 .9 2 49 8 0 .7 0 .1 2 1 8 7 .8 4 7 .8 4 -5 6 .2 4 1 -2 6 .9 3 5 78 A
H T T x x x  A U S K S E Q 1 8 0 2 5 0 2 1 0 -3 3 .4 3 1 3 8 .9 2 121 3 1 .65 0 .2 7 15 .31 15 .31 5 5 .4 0 3 1 6 6 .4 7 8 8 .8 A
K A 0 8 x x  7 D S K S E Q 9 7 2 7 8 1 8 0 4 - 1 8 .8 7 1 2 6 .0 2 58 7 .5 0 .6 0 .1 1 9 2 .4 2 1 2 .4 2 -5 9 .7 3 9 -2 9 .1 9 8 2 7 3 .9 B
K D U x x x  A U P K S E Q 1 0 1 2 6 0 2 4 2 -1 2 .6 9 1 3 2 .4 7 66 9 0 .5 5 0 .2 2 142 .9 5 2 .8 9 -1 8 .0 5 8 -7 0 .5 4 7 3 7 A
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
K D U x x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -1 2 .6 9 1 3 2 .4 7 80 8 1 0 .2 3 192 12 -5 6 .2 4 1 -2 6 .9 3 5 78 B
K L B R x x  A U P K S E Q 1 0 2 2 4 1 1 5 4 -3 1 .5 9 1 1 7 .7 5 94 7 .5 0 .6 0 .1 3 1 5 3 .5 5 6 3 .5 4 -1 .2 6 6 -7 7 .3 0 6 2 0 6 .7 B
K L B R x x  A U P K S E Q 1 1 2 3 6 1 7 4 6 -3 1 .5 9 1 1 7 .7 5 110 2 0 .5 0 .3 0 .1 8 1 6 1 .1 6 7 1 .1 5 -7 .6 4 1 -7 4 .5 2 5 147 B
K L B R x x  A U P K S E Q 1 4 2 3 6 2 3 2 1 -3 1 .5 9 1 1 7 .7 5 90 9 0 .5 0 .1 8 1 6 4 .9 9 7 4 .9 8 -1 4 .5 9 8 -7 3 .5 7 1 101 B
K L B R x x  A U P K S E Q 1 8 0 1 4 0 9 1 8 -3 1 .5 9 1 1 7 .7 5 87 2 .5 0 .7 5 0 .1 163 .9 1 7 3 .9 1 -1 5 .7 5 9 -7 4 .7 1 39 A
K L B R x x  A U S K S E Q 0 8 3 2 9 0 9 0 2 -3 1 .5 9 1 1 7 .7 5 85 2 1.1 1 .38 2 0 .4 9 2 0 .4 9 5 4 .2 0 3 1 5 4 .3 2 2 4 9 2 .3 B
K L B R x x  A U S K S E Q 1 1 1 7 5 0 3 0 9 -3 1 .5 9 1 1 7 .7 5 96 5 .5 0 .5 5 0 .0 7 3 6 .7 5 3 6 .7 5 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
K L B R x x  A U S K S E Q 1 2 2 7 0 2 3 3 9 -3 1 .5 9 1 1 7 .7 5 101 4 .5 0 .9 5 0 .1 8 3 4 .6 9 3 4 .6 9 5 1 .5 9 2 -1 7 8 .2 9 5 16 B
K L B R x x  A U S K S E Q 1 3 1 4 4 1 4 5 6 -3 1 .5 9 1 1 7 .7 5 87 2 .5 1 .05 1 .33 20 20 5 2 .2 2 2 1 5 1 .5 1 5 6 2 3 B
K L B R x x  A U S K S E Q 1 3 2 7 4 0 3 3 8 -3 1 .5 9 1 1 7 .7 5 86 1.5 1 .05 1 .33 2 0 .1 9 2 0 .1 9 5 3 .2 0 8 1 5 2 .7 6 5 5 8 0 .2 B
K L B R x x  A U S K S E Q 1 4 1 7 4 2 0 5 3 -3 1 .5 9 1 1 7 .7 5 76 4 .5 0 .4 5 0 .0 3 3 3 .2 9 3 3 .2 9 5 1 .8 4 9 1 7 8 .7 3 5 109 A
K L B R x x  A U S K S E Q 1 6 0 3 0 0 3 2 5 -3 1 .5 9 1 1 7 .7 5 101 2 .5 0 .9 0 .1 7 2 2 .6 9 2 2 .6 9 5 4 .0 0 6 1 5 8 .5 1 3 1 6 3 .2 B
K L B R x x  A U S K S E Q 1 7 2 8 1 2 2 3 4 -3 1 .5 9 1 1 7 .7 5 74 7 .5 0 .7 0 .1 2 3 2 .0 6 3 2 .0 6 5 2 .3 9 1 1 7 6 .7 6 9 119 B
K L B R x x  A U S K S E Q 1 7 3 1 6 1 8 1 8 -3 1 .5 9 1 1 7 .7 5 59 10 0 .3 5 0 .1 3 3 0 8 .4 6 3 8 .4 6 3 4 .9 1 1 4 5 .9 5 9 19 B
K M B L x x  A U P K S E Q 0 6 2 9 3 1 0 4 8 - 3 1 .3 7 1 2 1 .8 8 85 15 .5 0 .8 5 0 .3 2 1 5 5 .3 8 6 5 .3 7 -1 3 .4 5 7 -7 6 .6 7 7 23 B
K M B L x x  A U P K S E Q 1 8 0 1 4 0 9 1 8 - 3 1 .3 7 1 2 1 .8 8 76 5 0 .8 5 0 .3 8 158 .8 6 8 .8 -1 5 .7 5 9 -7 4 .7 1 39 B
K M B L x x  A U S K S E Q 0 6 1 1 9 1 6 5 8 - 3 1 .3 7 1 2 1 .8 8 53 19 0 .7 0 .3 8 2 0 .9 9 2 0 .9 9 6 0 .4 9 1 1 6 7 .5 1 6 11 B
K M B L x x  A U S K S E Q 0 6 1 4 2 1 3 0 8 - 3 1 .3 7 1 2 1 .8 8 70 15 .5 0 .5 5 0 .2 2 2 0 .4 6 2 0 .4 5 5 4 .2 7 1 1 5 8 .4 4 7 197 B
K M B L x x  A U S K S E Q 0 8 1 0 5 0 9 4 5 - 3 1 .3 7 1 2 1 .8 8 73 4 0 .8 0 .1 1 9 6 .3 5 1 6 .3 5 -5 6 .0 2 2 -2 8 .0 3 5 1 4 0 .2 B
K M B L x x  A U S K S E Q 0 8 1 2 3 0 1 3 3 - 3 1 .3 7 1 2 1 .8 8 74 17 .5 0 .5 5 0 .2 5 33 .1 3 3 .0 9 5 1 .8 6 4 -1 7 7 .5 2 8 14 B
K M B L x x  A U S K S E Q 0 8 1 8 7 0 2 1 2 - 3 1 .3 7 1 2 1 .8 8 64 10 0 .7 0 .1 2 17 .76 1 7 .7 6 5 3 .8 8 2 1 5 2 .8 8 6 6 3 2 .8 B
K M B L x x  A U S K S E Q 1 3 0 4 5 1 3 1 3 - 3 1 .3 7 1 2 1 .8 8 73 4 .5 1 .05 0 .1 7 7 .9 7 .9 6 7 .5 8 2 1 4 2 .5 6 4 9 .9 B
K M B L x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 - 3 1 .3 7 1 2 1 .8 8 75 4 .5 0 .9 0 .1 1 9 6 .3 5 1 6 .3 5 -5 6 .8 2 7 -2 7 .3 3 9 130 A
K M B L x x  A U S K S E Q 1 4 0 5 7 2 1 1 3 - 3 1 .3 7 1 2 1 .8 8 61 13 0 .7 0 .2 3 3 .9 2 3 3 .9 2 5 3 .6 2 -1 7 1 .8 3 3 2 6 5 B
K M B L x x  A U S K S E Q 1 6 0 2 4 1 0 3 0 - 3 1 .3 7 1 2 1 .8 8 61 15 .5 0 .8 5 0 .3 2 3 3 .6 4 3 3 .6 4 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
K M B L x x  A U S K S E Q 1 6 0 3 0 0 3 2 5 - 3 1 .3 7 1 2 1 .8 8 63 7 0 .6 5 0 .1 2 0 .6 2 2 0 .6 2 5 4 .0 0 6 1 5 8 .5 1 3 1 6 3 .2 B
K N A x x x  A U P K S E Q 0 6 1 2 0 1 9 1 7 -1 5 .7 5 1 2 8 .7 7 24 11 .5 0 .6 0 .1 2 1 5 5 .4 6 6 5 .4 6 -2 7 .0 1 7 -7 1 .0 2 2 12 B
K N A x x x  A U S K K E Q 0 6 3 1 7 0 1 2 6 -1 5 .7 5 1 2 8 .7 7 24 6 .5 0 .5 5 0 .0 7 1 6 4 .0 7 7 4 .0 7 -2 6 .0 5 2 -6 3 .2 8 3 5 7 2 A
K N A x x x  A U S K K E Q 0 8 2 4 7 1 1 2 5 -1 5 .7 5 1 2 8 .7 7 39 12 .5 0 .5 5 0 .1 5 1 6 4 .4 3 7 4 .4 3 -2 6 .7 3 6 -6 3 .2 2 5 5 6 9 .6 A
K N A x x x  A U S K K E Q 0 8 2 8 5 1 0 4 0 -1 5 .7 5 1 2 8 .7 7 14 4 0 .7 5 0 .1 7 3 .3 9 7 3 .3 9 19 .1 6 1 -6 4 .8 3 3 23 B
K N A x x x  A U S K S E Q 0 6 0 0 2 0 6 1 0 -1 5 .7 5 1 2 8 .7 7 38 3 1 .05 0 .1 2 1 9 4 .1 8 1 4 .1 8 -6 0 .9 5 7 -2 1 .6 0 6 13 B
K N R A x x  A U P K S E Q 1 1 2 4 5 1 3 4 7 -1 5 .6 8 1 2 8 .7 6 43 11 .5 0 .7 5 0 .2 3 1 6 5 .3 3 7 5 .3 2 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
K N R A x x  A U P K S E Q 1 2 0 8 0 1 8 0 2 -1 5 .6 8 1 2 8 .7 6 15 3 .5 0 .9 0 .1 2 8 2 .2 1 8 2 .2 1 6 .4 9 3 -9 8 .2 3 1 20 B
K N R A x x  A U P K S E Q 1 3 3 0 4 2 3 0 3 -1 5 .6 8 1 2 8 .7 6 22 9 .5 0 .6 5 0 .1 3 1 5 6 .8 2 6 6 .8 2 -3 0 .2 9 8 -7 1 .5 5 7 29 B
K N R A x x  A U P K S E Q 1 5 2 6 9 0 2 5 1 -1 5 .6 8 1 2 8 .7 6 37 10 .5 0 .7 5 0 .1 7 1 5 7 .2 9 6 7 .2 9 -3 0 .8 2 -7 1 .3 8 5 3 8 .1 B
K N R A x x  A U P K S E Q 1 5 3 1 1 0 7 3 1 -1 5 .6 8 1 2 8 .7 6 27 5 0 .8 5 0 .1 1 5 7 .2 5 6 7 .2 5 -3 0 .8 8 5 -7 1 .4 6 4 6 A
K N R A x x  A U P K S E Q 1 5 3 1 5 0 1 5 4 -1 5 .6 8 1 2 8 .7 6 37 9 .5 0 .8 5 0 .1 8 155 .9 6 5 .9 -2 9 .5 0 7 -7 2 .0 0 7 12 B
K N R A x x  A U P K S E Q 1 6 0 4 1 0 0 3 3 -1 5 .6 8 1 2 8 .7 6 19 9 0 .7 5 0 .1 2 1 5 6 .9 5 6 6 .9 5 -3 0 .5 7 2 -7 1 .5 8 4 29 B
K N R A x x  A U P K S E Q 1 6 3 2 5 2 0 5 7 -1 5 .6 8 1 2 8 .7 6 29 3 .5 0 .7 5 0 .0 5 1 6 0 .5 3 7 0 .5 2 -3 1 .6 2 6 -6 8 .6 3 6 108 A
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
K N R A x x  A U S K K E Q 1 1 2 4 5 1 3 4 7 -1 5 .6 8 1 2 8 .7 6 22 9 .5 0 .5 5 0 .1 1 6 5 .3 3 7 5 .3 2 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
K N R A x x  A U S K K E Q 1 1 3 2 6 1 8 4 8 -1 5 .6 8 1 2 8 .7 6 45 14 0 .7 0 .2 8 1 5 5 .4 3 6 5 .4 3 -1 5 .3 6 4 -6 5 .0 9 5 4 9 .9 B
K N R A x x  A U S K K E Q 1 2 0 6 5 0 7 4 6 -1 5 .6 8 1 2 8 .7 6 31 10 0 .5 5 0 .1 1 6 4 .9 5 7 4 .9 5 -2 8 .2 4 6 -6 3 .2 9 4 5 5 3 .9 B
K N R A x x  A U S K K E Q 1 2 1 4 9 0 5 0 7 -1 5 .6 8 1 2 8 .7 6 28 9 .5 0 .4 5 0 .1 165 .1 1 7 5 .1 1 -2 8 .0 4 3 -6 3 .0 9 4 5 8 6 .9 A
K N R A x x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -1 5 .6 8 1 2 8 .7 6 24 6 .5 0 .6 0 .1 3 9 2 .4 2 .4 1 1 .6 4 2 -8 5 .8 7 8 135 B
K N R A x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 -1 5 .6 8 1 2 8 .7 6 40 5 0 .9 0 .1 5 1 9 3 .3 4 1 3 .3 3 -5 6 .8 2 7 -2 7 .3 3 9 130 A
K N R A x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -1 5 .6 8 1 2 8 .7 6 30 13 0 .9 0 .3 193 .8 1 3 .7 9 -5 6 .2 4 1 -2 6 .9 3 5 78 A
L C R K x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 -3 0 .4 5 1 3 8 .2 2 78 18 0 .3 5 0 .1 5 1 4 0 .8 9 5 0 .8 9 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
L C R K x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 -3 0 .4 5 1 3 8 .2 2 73 3 1 0 .1 2 1 8 7 .8 9 7 .8 9 -5 6 .8 2 7 -2 7 .3 3 9 130 A
L C R K x x  A U S K S E Q 1 6 1 0 1 1 0 2 8 -3 0 .4 5 1 3 8 .2 2 57 6 0 .8 5 0 .2 3 3 1 2 .0 3 4 2 .0 4 3 6 .4 7 2 7 1 .1 3 1 2 1 2 B
L C R K x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -3 0 .4 5 1 3 8 .2 2 74 4 0 .9 5 0 .1 3 1 8 8 .2 3 8 .2 3 -5 6 .2 4 1 -2 6 .9 3 5 78 B
L P 0 2 x x  7 J S K S E Q 0 6 1 4 2 1 3 0 8 -2 4 .9 6 1 1 4 .8 86 6 .5 1 .35 0 .3 2 3 .9 1 2 3 .9 1 5 4 .2 7 1 1 5 8 .4 4 7 197 B
L P 0 5 x x  7 J S K K E Q 0 6 2 8 8 1 7 0 7 -2 1 .5 6 1 1 5 .8 9 51 16 1 .05 0 .5 7 0 .9 1 7 0 .9 1 1 9 .8 7 9 - 1 5 5 .9 3 7 3 9 .1 B
L P 0 5 x x  7 J S K S E Q 0 6 1 4 2 1 1 1 2 -2 1 .5 6 1 1 5 .8 9 54 2 1 .5 1.1 0 .4 3 2 2 .0 4 2 2 .0 4 6 0 .7 7 2 1 6 5 .7 4 3 19 B
M A B G x x  A U S K K E Q 1 7 3 1 6 1 8 1 8 - 3 4 .0 7 1 5 0 .7 6 140 2 0 .9 5 0 .0 7 2 9 4 .1 3 2 4 .1 2 3 4 .9 1 1 4 5 .9 5 9 19 B
M E E K x x  A U S K S E Q 0 5 1 6 5 1 7 1 0 -2 6 .6 4 1 1 8 .61 58 3 1 .45 0 .1 5 3 3 .3 4 3 3 .3 4 5 1 .2 3 9 1 7 9 .3 1 4 17 B
M E E K x x  A U S K S E Q 0 6 1 1 0 2 3 2 5 -2 6 .6 4 1 1 8 .61 50 2 1.4 0 .0 8 2 1 .5 5 2 1 .5 5 6 0 .9 4 9 1 6 7 .0 8 9 2 2 B
M E E K x x  A U S K S E Q 0 8 1 8 7 0 2 1 2 -2 6 .6 4 1 1 8 .61 65 9 1 .25 0 .2 5 19 .54 1 9 .5 4 5 3 .8 8 2 1 5 2 .8 8 6 6 3 2 .8 B
M E E K x x  A U S K S E Q 1 3 0 4 5 1 3 1 3 -2 6 .6 4 1 1 8 .61 44 6 1.3 0 .1 7 9 9 6 7 .5 8 2 1 4 2 .5 6 4 9 .9 B
M E E K x x  A U S K S E Q 1 4 1 7 4 2 0 5 3 -2 6 .6 4 1 1 8 .61 48 3 1 .15 0 .2 3 3 2 .6 4 3 2 .6 4 5 1 .8 4 9 1 7 8 .7 3 5 109 A
M G C D x x  A U S K K E Q 1 5 3 2 8 2 2 4 5 -3 3 .2 1 1 5 1 .11 24 2 .5 0 .8 5 0 .1 5 1 2 9 .8 6 3 9 .8 6 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 B
M G C D x x  A U S K K E Q 1 5 3 2 8 2 2 5 0 -3 3 .2 1 1 5 1 .11 24 3 0 .7 0 .1 2 1 2 9 .4 4 3 9 .4 4 -1 0 .0 4 7 -7 1 .0 2 3 6 1 1 .7 B
M G C D x x  A U S K S E Q 0 5 1 6 5 1 7 1 0 -3 3 .2 1 1 5 1 .11 167 13 0 .7 5 0 .2 17 .3 17 .3 5 1 .2 3 9 1 7 9 .3 1 4 17 B
M G C D x x  A U S K S E Q 1 5 1 3 2 0 7 0 5 -3 3 .2 1 1 5 1 .11 22 11 0 .5 0 .1 5 3 0 6 .4 3 3 6 .4 3 2 7 .8 0 9 8 6 .0 6 5 15 B
M G C D x x  A U S K S E Q 1 5 3 2 8 2 2 5 0 -3 3 .2 1 1 5 1 .11 19 5 .5 0 .9 5 0 .2 2 1 2 9 .4 4 3 9 .4 4 -1 0 .0 4 7 -7 1 .0 2 3 6 1 1 .7 B
M I L A x x  A U S K S E Q 0 8 1 3 6 1 4 2 3 -3 7 .0 5 1 4 9 .1 5 116 6 1 .15 0 .2 1 8 2 .8 7 2 .8 7 -5 7 .9 1 1 -2 5 .4 8 3 35 B
M I L A x x  A U S K S E Q 0 8 1 8 7 0 2 1 2 -3 7 .0 5 1 4 9 .1 5 124 11 .5 0 .4 0 .1 3 2 .2 1 2 .2 1 5 3 .8 8 2 1 5 2 .8 8 6 6 3 2 .8 A
M I L A x x  A U S K S E Q 0 8 2 0 6 0 1 4 3 -3 7 .0 5 1 4 9 .1 5 149 4 0 .7 0 .0 8 5 .3 2 5 .3 2 5 0 .9 6 7 1 5 7 .5 8 4 2 7 B
M I L A x x  A U S K S E Q 0 8 3 2 9 0 9 0 2 -3 7 .0 5 1 4 9 .1 5 125 14 .5 0 .4 5 0 .1 2 3 .0 4 3 .0 3 5 4 .2 0 3 1 5 4 .3 2 2 4 9 2 .3 B
M I L A x x  A U S K S E Q 1 1 1 7 5 0 3 0 9 -3 7 .0 5 1 4 9 .1 5 122 1 0 .9 5 0 .0 8 2 2 .9 7 2 2 .9 7 5 2 .0 5 -1 7 1 .8 3 6 5 2 A
M I L A x x  A U S K S E Q 1 2 2 2 7 0 2 5 9 -3 7 .0 5 1 4 9 .1 5 127 9 0 .4 0 .0 5 3 5 7 .3 5 8 7 .3 5 4 9 .8 1 4 5 .0 6 4 5 8 3 .2 B
M I L A x x  A U S K S E Q 1 3 1 4 4 1 4 5 6 -3 7 .0 5 1 4 9 .1 5 104 12 0 .7 0 .3 1 .45 1 .45 5 2 .2 2 2 1 5 1 .5 1 5 6 2 3 B
M O O x x x  A U S K S E Q 1 2 0 8 5 2 2 3 7 -4 2 .4 4 1 4 7 .1 9 131 12 1.3 0 .4 7 1 4 8 .5 6 5 8 .5 5 -3 5 .2 -7 2 .2 1 7 4 0 .7 B
M O O x x x  A U S K S E Q 1 7 1 1 4 2 1 3 8 -4 2 .4 4 1 4 7 .1 9 133 14 1.1 0 .4 3 1 4 7 .6 5 5 7 .6 5 -3 3 .0 3 7 -7 2 .0 6 2 28 B
M O R W x x  A U S K S E Q 0 8 1 0 5 0 9 4 5 - 2 9 .0 7 1 1 6 .0 4 55 8 0 .6 5 0 .1 3 1 9 9 .2 3 1 9 .2 3 -5 6 .0 2 2 -2 8 .0 3 5 1 4 0 .2 A
M O R W x x  A U S K S E Q 0 8 1 8 7 0 2 1 2 - 2 9 .0 7 1 1 6 .0 4 4 7 6 1 .15 0 .1 8 2 0 .8 2 0 .8 5 3 .8 8 2 1 5 2 .8 8 6 6 3 2 .8 B
M O R W x x  A U S K S E Q 1 3 0 4 5 1 3 1 3 - 2 9 .0 7 1 1 6 .0 4 34 12 .5 1 0 .3 2 9 .9 7 9 .9 7 6 7 .5 8 2 1 4 2 .5 6 4 9 .9 B
M O R W x x  A U S K S E Q 1 3 3 1 6 0 7 0 3 - 2 9 .0 7 1 1 6 .0 4 70 18 .5 0 .7 0 .4 2 4 .8 3 2 4 .8 3 5 4 .6 8 6 1 6 2 .3 0 2 4 3 B
M O R W x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 - 2 9 .0 7 1 1 6 .0 4 79 5 .5 1 .05 0 .1 8 1 9 9 .1 5 1 9 .1 5 -5 6 .8 2 7 -2 7 .3 3 9 130 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
M O R W x x  A U S K S E Q 1 6 0 3 0 0 3 2 5 - 2 9 .0 7 1 1 6 .0 4 4 2 13 .5 1 .25 0 .5 2 3 .4 9 2 3 .4 9 5 4 .0 0 6 1 5 8 .5 1 3 1 6 3 .2 A
M T N x x x  A U P K S E Q 0 6 3 1 7 0 1 2 6 -1 2 .8 4 1 3 1 .1 3 6 6 .5 0 .9 0 .2 2 160 .1 7 0 .0 9 -2 6 .0 5 2 -6 3 .2 8 3 5 7 2 A
M T N x x x  A U P K S E Q 0 7 1 6 4 1 9 2 9 -1 2 .8 4 1 3 1 .1 3 12 6 1 .25 0 .3 5 84 .1 84 .1 1 3 .5 5 4 -9 0 .6 1 8 23 B
M T N x x x  A U P K S E Q 0 7 3 1 9 1 5 0 5 -1 2 .8 4 1 3 1 .1 3 168 4 .5 1 0 .2 1 4 9 .3 7 5 9 .3 7 -2 2 .9 2 5 -7 0 .2 3 7 26 B
M T N x x x  A U P K S E Q 0 7 3 4 7 0 7 2 3 -1 2 .8 4 1 3 1 .1 3 168 15 .5 0 .9 5 0 .3 5 1 4 9 .2 3 5 9 .2 3 -2 3 .2 0 2 -7 0 .5 4 9 16 B
M T N x x x  A U P K S E Q 0 8 0 4 3 1 2 5 0 -1 2 .8 4 1 3 1 .1 3 46 12 .5 0 .7 0 .1 8 7 9 .7 1 7 9 .7 1 1 6 .3 5 7 -9 4 .3 0 4 83 B
M T N x x x  A U P K S E Q 1 0 1 0 1 2 2 0 8 -1 2 .8 4 1 3 1 .1 3 162 7 0 .9 0 .1 8 3 0 8 .9 3 8 .9 3 6 .9 6 5 - 3 .5 4 2 6 0 9 .8 B
M T N x x x  A U P K S E Q 1 1 2 4 5 1 3 4 7 -1 2 .8 4 1 3 1 .1 3 11 7 .5 0 .7 5 0 .1 8 1 6 1 .6 6 7 1 .6 6 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
M T N x x x  A U P K S E Q 1 1 3 4 5 0 1 4 7 -1 2 .8 4 1 3 1 .1 3 22 8 0 .8 0 .1 3 7 7 .4 5 7 7 .4 6 1 7 .8 4 4 -9 9 .9 6 3 5 4 .2 A
M T N x x x  A U P K S E Q 1 2 0 8 0 1 8 0 2 -1 2 .8 4 1 3 1 .1 3 16 15 .5 0 .6 5 0 .2 7 9 .3 3 7 9 .3 3 1 6 .4 9 3 -9 8 .2 3 1 20 A
M T N x x x  A U P K S E Q 1 2 0 9 3 1 7 3 6 -1 2 .8 4 1 3 1 .1 3 14 19 .5 0 .7 5 0 .3 5 7 9 .4 5 7 9 .4 6 1 6 .3 9 5 -9 8 .3 1 6 9 A
M T N x x x  A U P K S E Q 1 2 1 0 8 0 3 5 0 -1 2 .8 4 1 3 1 .1 3 23 17 .5 0 .7 5 0 .2 8 155 .1 65 .1 -3 2 .6 2 5 -7 1 .3 6 5 29 B
M T N x x x  A U P K S E Q 1 2 3 1 2 1 6 3 5 -1 2 .8 4 1 3 1 .1 3 26 15 0 .8 5 0 .3 2 8 3 .3 6 8 3 .3 7 1 3 .9 6 3 -9 1 .8 5 4 24 B
M T N x x x  A U P K S E Q 1 2 3 2 0 0 9 2 0 -1 2 .8 4 1 3 1 .1 3 29 13 .5 0 .6 0 .1 7 7 6 .7 8 7 6 .7 9 1 8 .3 4 6 - 1 0 0 .3 8 2 53 B
M T N x x x  A U P K S E Q 1 3 0 3 0 2 0 1 5 -1 2 .8 4 1 3 1 .1 3 175 8 .5 0 .8 5 0 .2 7 1 5 2 .8 3 6 2 .8 3 -2 8 .0 8 -7 0 .6 2 1 4 5 B
M T N x x x  A U P K S E Q 1 3 2 3 3 1 2 3 8 -1 2 .8 4 1 3 1 .1 3 32 9 0 .7 0 .1 2 7 8 .7 9 7 8 .7 9 1 6 .8 4 5 -9 9 .5 2 9 21 B
M T N x x x  A U P K S E Q 1 4 1 2 8 1 7 0 0 -1 2 .8 4 1 3 1 .1 3 4 7 15 .5 0 .5 5 0 .2 7 8 .2 1 7 8 .2 1 1 7 .2 3 5 -1 0 0 .7 4 6 17.1 B
M T N x x x  A U P K S E Q 1 4 1 3 0 0 7 3 6 -1 2 .8 4 1 3 1 .1 3 32 5 .5 0 .5 5 0 .0 5 7 8 .2 3 7 8 .2 3 1 7 .2 1 9 - 1 0 0 .8 1 2 23 A
M T N x x x  A U P K S E Q 1 4 1 8 8 1 1 2 3 -1 2 .8 4 1 3 1 .1 3 20 7 .5 0 .7 5 0 .1 2 8 2 .1 8 8 2 .1 9 1 4 .7 2 4 -9 2 .4 6 1 53 A
M T N x x x  A U P K S E Q 1 5 2 6 4 1 7 4 0 -1 2 .8 4 1 3 1 .1 3 17 13 0 .5 5 0 .1 2 1 5 4 .4 9 6 4 .4 9 -3 1 .7 1 4 -7 1 .3 8 9 35 B
M T N x x x  A U P K S E Q 1 5 2 6 9 0 2 5 1 -1 2 .8 4 1 3 1 .1 3 5 17 0 .4 5 0 .1 5 153 .9 1 6 3 .9 1 -3 0 .8 2 -7 1 .3 8 5 3 8 .1 A
M T N x x x  A U P K S E Q 1 5 3 1 1 0 7 3 1 -1 2 .8 4 1 3 1 .1 3 13 13 0 .6 0 .2 1 5 3 .8 8 6 3 .8 8 -3 0 .8 8 5 -7 1 .4 6 4 6 A
M T N x x x  A U P K S E Q 1 5 3 1 5 0 1 5 4 -1 2 .8 4 1 3 1 .1 3 173 5 .5 1.4 0 .3 2 1 5 2 .3 9 6 2 .3 9 -2 9 .5 0 7 -7 2 .0 0 7 12 A
M T N x x x  A U P K S E Q 1 5 3 5 1 1 9 4 9 -1 2 .8 4 1 3 1 .1 3 22 6 .5 0 .9 0 .1 2 8 0 .5 3 8 0 .5 4 1 5 .8 0 4 -9 3 .6 2 7 8 5 .9 A
M T N x x x  A U P K S E Q 1 6 3 2 5 2 0 5 7 -1 2 .8 4 1 3 1 .1 3 2 5 .5 0 .7 5 0 .1 5 1 5 7 .2 6 7 .2 -3 1 .6 2 6 -6 8 .6 3 6 108 A
M T N x x x  A U P K S E Q 1 7 1 7 3 1 2 3 1 -1 2 .8 4 1 3 1 .1 3 13 8 .5 0 .9 5 0 .3 8 3 .8 2 8 3 .8 2 1 3 .7 1 7 -9 0 .9 7 2 3 8 .1 B
M T N x x x  A U P K S E Q 1 7 2 6 2 1 8 1 4 -1 2 .8 4 1 3 1 .1 3 35 6 .5 0 .5 0 .0 8 7 6 .5 6 7 6 .5 6 18 .55 -9 8 .4 8 9 4 8 B
M T N x x x  A U P K S E Q 1 7 2 6 6 1 2 5 3 -1 2 .8 4 1 3 1 .1 3 22 9 .5 0 .9 0 .2 7 9 .2 9 7 9 .3 1 6 .6 2 6 -9 5 .0 7 8 10 B
M T N x x x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -1 2 .8 4 1 3 1 .1 3 12 4 1 .2 0 .2 8 8 7 .7 9 8 7 .7 9 1 1 .6 4 2 -8 5 .8 7 8 135 A
M T N x x x  A U S K K E Q 1 5 0 3 3 1 0 4 9 -1 2 .8 4 1 3 1 .1 3 0 19 .5 0 .4 5 0 .2 3 1 5 9 .3 7 6 9 .3 7 -3 2 .7 1 8 -6 7 .1 2 3 172 B
M T N x x x  A U S K S E Q 1 7 0 9 3 1 7 4 0 -1 2 .8 4 1 3 1 .1 3 4 7 1 .05 0 .2 2 2 4 4 .1 6 6 4 .1 6 -2 2 .6 7 8 2 5 .1 5 6 29 B
M T S U x x  A U P K S E Q 0 5 0 8 0 1 2 2 3 -1 8 .1 5 1 4 4 .3 2 163 6 .5 0 .5 5 0 .1 2 1 4 6 .8 6 5 6 .8 6 -2 4 .9 8 3 - 6 3 .4 7 5 7 9 .1 A
M T S U x x  A U P K S E Q 0 5 0 8 0 1 2 4 3 -1 8 .1 5 1 4 4 .3 2 167 2 2 .5 0 .5 0 .4 3 1 4 6 .6 3 5 6 .6 3 -2 4 .7 2 5 -6 3 .5 0 7 5 7 0 .1 A
M T S U x x  A U P K S E Q 0 5 1 6 4 2 2 4 4 -1 8 .1 5 1 4 4 .3 2 165 8 .5 0 .4 5 0 .1 1 3 7 .4 6 4 7 .4 5 -1 9 .9 8 7 -6 9 .1 9 7 115 .6 A
M T S U x x  A U P K S E Q 0 5 1 9 4 1 2 0 6 -1 8 .1 5 1 4 4 .3 2 177 16 .5 0 .3 5 0 .1 3 1 3 4 .7 4 4 .7 -1 7 .8 4 7 -7 0 .1 0 9 7 9 .9 B
M T S U x x  A U P K S E Q 0 5 2 0 7 1 4 1 1 -1 8 .1 5 1 4 4 .3 2 176 7 .5 0 .4 0 .0 8 1 2 9 .8 5 3 9 .8 5 -1 5 .3 4 5 -7 2 .9 6 2 110 .5 A
M T S U x x  A U P K S E Q 0 5 2 6 9 0 1 5 5 -1 8 .1 5 1 4 4 .3 2 161 5 0 .4 0 .0 5 1 1 6 .7 3 2 6 .7 3 -5 .6 7 8 -7 6 .3 9 8 115 B
M T S U x x  A U P K S E Q 0 6 2 7 3 1 6 2 6 -1 8 .1 5 1 4 4 .3 2 178 8 .5 0 .4 5 0 .0 8 1 2 9 .9 2 3 9 .9 2 -1 5 .5 8 8 -7 3 .1 6 107 B
M T S U x x  A U P K S E Q 0 7 2 5 3 0 1 4 9 -1 8 .1 5 1 4 4 .3 2 173 5 .5 0 .6 0 .1 1 0 4 .9 9 1 4 .9 9 2 .9 6 6 -7 7 .9 6 3 15 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
M T S U x x  A U P K S E Q 0 7 3 2 0 0 3 1 3 -1 8 .1 5 1 4 4 .3 2 174 7 0 .5 5 0 .1 2 1 1 1 .7 4 2 1 .7 4 -2 .3 1 2 -7 7 .8 3 8 122 .9 A
M T S U x x  A U P K S E Q 0 7 3 2 2 0 5 4 0 -1 8 .1 5 1 4 4 .3 2 166 17 .5 0 .4 5 0 .1 5 1 4 2 .3 4 5 2 .3 4 -2 2 .6 4 3 -6 6 .3 2 3 2 4 6 .4 B
M T S U x x  A U P K S E Q 0 7 3 5 9 1 6 2 0 -1 8 .1 5 1 4 4 .3 2 2 12 0 .4 0 .1 3 137 .1 1 4 7 .1 1 -1 9 .4 4 5 -6 9 .0 4 8 112 .6 B
M T S U x x  A U P K S E Q 0 8 2 3 9 2 1 0 0 -1 8 .1 5 1 4 4 .3 2 170 7 .5 0 .4 0 .0 5 120 .5 1 3 0 .5 -7 .6 4 1 -7 4 .3 7 7 154 B
M T S U x x  A U P K S E Q 0 8 3 2 4 0 6 1 1 -1 8 .1 5 1 4 4 .3 2 166 6 0 .7 5 0 .1 8 9 5 .6 6 5 .6 6 8 .2 6 7 -8 2 .9 6 7 3 2 B
M T S U x x  A U P K S E Q 0 9 3 1 8 1 9 4 4 -1 8 .1 5 1 4 4 .3 2 173 10 0 .5 5 0 .1 5 142 .3 5 2 .3 -2 2 .9 6 5 -6 6 .6 4 1 2 2 0 .4 B
M T S U x x  A U P K S E Q 1 0 2 2 4 1 1 5 4 -1 8 .1 5 1 4 4 .3 2 169 3 .5 0 .4 0 .0 5 110 .8 2 0 .8 -1 .2 6 6 -7 7 .3 0 6 2 0 6 .7 A
M T S U x x  A U P K S E Q 1 1 0 6 5 1 2 3 1 -1 8 .1 5 1 4 4 .3 2 15 16 0 .4 0 .1 7 1 3 5 .5 3 4 5 .5 3 -1 8 .0 2 1 -6 9 .3 6 2 118 B
M T S U x x  A U P K S E Q 1 1 1 5 9 0 3 0 6 -1 8 .1 5 1 4 4 .3 2 20 8 0 .5 5 0 .1 134 .5 1 4 4 .5 1 -1 7 .0 8 3 -6 9 .5 1 8 1 4 5 .7 B
M T S U x x  A U P K S E Q 1 1 2 3 6 1 7 4 6 -1 8 .1 5 1 4 4 .3 2 173 13 0 .4 0 .1 3 1 2 0 .3 9 3 0 .3 9 -7 .6 4 1 -7 4 .5 2 5 147 A
M T S U x x  A U P K S E Q 1 1 3 0 1 1 8 5 4 -1 8 .1 5 1 4 4 .3 2 13 12 0 .6 0 .2 3 1 2 6 .5 5 3 6 .5 5 -1 4 .4 3 8 -7 5 .9 6 6 24 B
M T S U x x  A U P K S E Q 1 1 3 1 1 2 2 3 5 -1 8 .1 5 1 4 4 .3 2 162 3 .5 0 .7 5 0 .1 5 9 0 .3 8 0 .3 8 11 .56 -8 5 .8 6 1 177 A
M T S U x x  A U P K S E Q 1 2 0 3 0 0 5 1 1 -1 8 .1 5 1 4 4 .3 2 4 14 .5 0 .4 0 .1 1 2 6 .5 3 3 6 .5 3 -1 4 .1 6 8 -7 5 .6 3 5 4 3 A
M T S U x x  A U P K S E Q 1 2 1 3 5 1 0 0 0 -1 8 .1 5 1 4 4 .3 2 15 6 .5 0 .5 0 .0 8 135 45 -1 7 .6 7 8 -6 9 .5 9 1 105 .9 B
M T S U x x  A U P K S E Q 1 2 2 7 4 1 6 3 1 -1 8 .1 5 1 4 4 .3 2 167 12 .5 0 .4 5 0 .1 2 107 .3 1 7 .2 9 1 .929 -7 6 .3 6 2 170 B
M T S U x x  A U P K S E Q 1 2 3 1 5 1 4 5 7 -1 8 .1 5 1 4 4 .3 2 161 11 0 .4 5 0 .1 1 2 1 .3 5 3 1 .3 5 -8 .8 6 6 -7 5 .0 7 1 129 B
M T S U x x  A U P K S E Q 1 3 0 4 0 1 4 1 6 -1 8 .1 5 1 4 4 .3 2 172 3 0 .6 0 .0 5 1 0 7 .6 9 1 7 .6 9 1 .1 4 2 -7 7 .4 145 B
M T S U x x  A U P K S E Q 1 3 1 9 8 0 2 3 7 -1 8 .1 5 1 4 4 .3 2 9 5 0 .6 0 .1 1 3 1 .1 3 4 1 .1 3 -1 5 .6 3 5 -7 1 .7 7 3 6 .6 B
M T S U x x  A U P K S E Q 1 3 2 6 8 1 6 4 2 -1 8 .1 5 1 4 4 .3 2 6 11 0 .4 5 0 .1 1 2 9 .0 8 3 9 .0 8 -1 5 .8 3 9 -7 4 .5 0 9 4 0 B
M T S U x x  A U P K S E Q 1 4 2 3 6 2 3 2 1 -1 8 .1 5 1 4 4 .3 2 179 5 0 .4 0 .0 5 128 .6 3 8 .6 -1 4 .5 9 8 -7 3 .5 7 1 101 A
M T S U x x  A U P K S E Q 1 4 3 4 2 0 8 5 4 -1 8 .1 5 1 4 4 .3 2 172 2 .5 0 .9 0 .1 5 9 6 .2 6 .1 9 7 .9 4 -8 2 .6 8 7 20 B
M T S U x x  A U P K S E Q 1 5 0 8 2 0 4 5 1 -1 8 .1 5 1 4 4 .3 2 13 6 0 .4 0 .0 5 136 .0 1 4 6 .0 1 -1 8 .3 5 3 -6 9 .1 6 6 130 A
M T S U x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 -1 8 .1 5 1 4 4 .3 2 9 7 0 .4 5 0 .0 8 1 2 6 .5 6 3 6 .5 6 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
M T S U x x  A U P K S E Q 1 6 1 3 9 1 6 4 6 -1 8 .1 5 1 4 4 .3 2 169 4 0 .6 5 0 .0 7 1 0 7 .2 1 7 .2 0 .4 9 5 -7 9 .6 1 6 30 B
M T S U x x  A U P K S E Q 1 6 3 3 6 2 2 4 0 -1 8 .1 5 1 4 4 .3 2 16 6 .5 0 .5 5 0 .1 1 3 1 .6 4 4 1 .6 4 -1 5 .3 1 2 -7 0 .8 2 7 12 B
M T S U x x  A U P K S E Q 1 6 3 5 3 1 3 3 0 -1 8 .1 5 1 4 4 .3 2 167 10 0 .5 0 .1 2 1 2 5 .9 4 3 5 .9 4 -9 .9 7 4 - 7 0 .9 7 6 1 2 B
M T S U x x  A U P K S E Q 1 7 2 8 3 0 6 3 2 -1 8 .1 5 1 4 4 .3 2 164 15 0 .3 5 0 .1 1 3 5 .6 9 4 5 .6 8 -1 8 .5 7 2 -6 9 .7 5 3 85 B
M T S U x x  A U P K S E Q 1 7 3 1 7 0 2 2 8 -1 8 .1 5 1 4 4 .3 2 161 5 0 .7 0 .1 2 9 3 .4 7 3 .4 7 9 .5 1 5 -8 4 .4 8 7 19 .4 B
M T S U x x  A U P K S E Q 1 8 0 2 1 0 1 0 6 -1 8 .1 5 1 4 4 .3 2 177 6 .5 0 .3 0 .0 3 1 3 6 .0 9 4 6 .0 9 -1 8 .8 8 8 -6 9 .6 1 7 110 .8 A
M T S U x x  A U S K K E Q 1 1 0 0 1 0 9 5 6 -1 8 .1 5 1 4 4 .3 2 21 15 0 .2 5 0 .0 5 1 4 8 .4 8 5 8 .4 8 -2 6 .8 0 3 -6 3 .1 3 6 5 7 6 .8 B
M T S U x x  A U S K K E Q 1 3 3 0 4 2 3 0 3 -1 8 .1 5 1 4 4 .3 2 21 5 .5 0 .6 5 0 .1 1 4 3 .8 7 5 3 .8 7 -3 0 .2 9 8 -7 1 .5 5 7 29 B
M T S U x x  A U S K K E Q 1 5 3 3 0 0 5 4 5 -1 8 .1 5 1 4 4 .3 2 1 20 0 .4 5 0 .2 1 2 4 .7 9 3 4 .7 9 -9 .1 9 1 -7 1 .2 8 8 5 9 9 .3 B
M T S U x x  A U S K S E Q 0 8 2 4 7 1 1 2 5 -1 8 .1 5 1 4 4 .3 2 30 19 0 .5 0 .2 2 1 4 8 .3 5 5 8 .3 5 -2 6 .7 3 6 -6 3 .2 2 5 5 6 9 .6 B
M T S U x x  A U S K S E Q 1 0 0 7 0 1 4 3 9 -1 8 .1 5 1 4 4 .3 2 24 18 .5 0 .4 5 0 .1 7 1 4 6 .5 4 5 6 .5 4 -3 4 .2 9 -7 1 .8 9 1 11 B
M T S U x x  A U S K S E Q 1 1 0 0 1 0 9 5 6 -1 8 .1 5 1 4 4 .3 2 177 8 0 .4 5 0 .0 8 1 4 8 .4 8 5 8 .4 8 -2 6 .8 0 3 -6 3 .1 3 6 5 7 6 .8 B
M T S U x x  A U S K S E Q 1 3 3 0 4 2 3 0 3 -1 8 .1 5 1 4 4 .3 2 12 19 0 .4 0 .2 5 1 4 3 .8 7 5 3 .8 7 -3 0 .2 9 8 -7 1 .5 5 7 29 B
M T S U x x  A U S K S E Q 1 5 0 3 3 1 0 4 9 -1 8 .1 5 1 4 4 .3 2 34 8 .5 0 .8 5 0 .2 3 1 4 9 .0 8 5 9 .0 8 -3 2 .7 1 8 -6 7 .1 2 3 172 B
M T S U x x  A U S K S E Q 1 5 2 6 4 1 7 4 0 -1 8 .1 5 1 4 4 .3 2 33 15 0 .7 5 0 .3 1 4 5 .0 5 5 5 .0 5 -3 1 .7 1 4 -7 1 .3 8 9 35 B
M T S U x x  A U S K S E Q 1 5 2 9 9 0 9 0 9 -1 8 .1 5 1 4 4 .3 2 3 2 .5 0 .8 5 0 .0 8 3 0 9 .2 9 3 9 .2 9 3 6 .4 4 1 7 0 .7 1 7 2 1 2 .5 A
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
M T S U x x  A U S K S E Q 1 5 3 4 1 0 7 5 0 -1 8 .1 5 1 4 4 .3 2 2 4 0 .8 0 .1 3 1 1 .5 9 4 1 .5 9 3 8 .2 2 7 7 2 .7 5 2 33 A
M T S U x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -1 8 .1 5 1 4 4 .3 2 169 13 0 .4 5 0 .2 1 8 5 .0 5 5 .0 5 -5 6 .2 4 1 -2 6 .9 3 5 78 B
M T S U x x  A U S K S E Q 1 6 1 7 8 1 1 1 7 -1 8 .1 5 1 4 4 .3 2 3 3 0 .9 5 0 .1 3 1 2 .9 2 4 2 .9 2 3 9 .4 8 7 7 3 .3 4 9 20 B
M T S U x x  A U S K S E Q 1 7 3 1 6 1 8 1 8 -1 8 .1 5 1 4 4 .3 2 10 3 .5 0 .9 5 0 .1 5 3 0 1 .8 3 3 1 .8 3 3 4 .9 1 1 4 5 .9 5 9 19 B
M U L G x x  A U P K S E Q 1 4 1 0 1 2 0 2 9 -3 0 .2 8 1 3 4 .0 6 80 6 1 .05 0 .2 1 0 7 .9 2 1 7 .9 3 1 1 .6 4 2 -8 5 .8 7 8 135 B
M U L G x x  A U P K S E Q 1 4 1 8 8 1 1 2 3 -3 0 .2 8 1 3 4 .0 6 75 5 .5 0 .9 5 0 .2 9 9 .3 5 9 .3 5 1 4 .7 2 4 -9 2 .4 6 1 53 A
M U L G x x  A U P K S E Q 1 4 2 8 7 0 3 5 1 -3 0 .2 8 1 3 4 .0 6 79 4 0 .9 5 0 .1 3 1 0 5 .0 8 1 5 .0 8 1 2 .5 2 6 -8 8 .1 2 2 4 0 A
M U L G x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 -3 0 .2 8 1 3 4 .0 6 83 8 0 .8 5 0 .1 8 1 4 5 .4 5 5 5 .4 6 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
M U L G x x  A U P K S E Q 1 5 3 5 1 1 9 4 9 -3 0 .2 8 1 3 4 .0 6 75 5 .5 0 .9 0 .1 8 9 7 .2 8 7 .2 9 1 5 .8 0 4 -9 3 .6 2 7 8 5 .9 A
M U L G x x  A U P K S E Q 1 6 3 2 9 1 8 4 3 -3 0 .2 8 1 3 4 .0 6 80 9 .5 1 0 .3 1 0 5 .2 6 1 5 .2 6 1 1 .9 1 9 -8 8 .8 9 2 9 .9 B
M U L G x x  A U P K S E Q 1 7 2 5 1 0 4 4 9 -3 0 .2 8 1 3 4 .0 6 81 7 .5 1 0 .2 5 9 8 .0 8 8 .0 8 1 5 .0 2 2 -9 3 .8 9 9 4 7 .4 B
M U L G x x  A U P K S E Q 1 7 3 1 7 0 2 2 8 -3 0 .2 8 1 3 4 .0 6 81 10 .5 1.1 0 .2 5 1 1 1 .7 3 2 1 .7 3 9 .5 1 5 -8 4 .4 8 7 19 .4 B
M U L G x x  A U S K K E Q 1 5 3 2 8 2 2 4 5 -3 0 .2 8 1 3 4 .0 6 102 19 0 .5 5 0 .3 8 1 4 5 .4 5 5 5 .4 6 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 B
M U L G x x  A U S K K E Q 1 6 0 2 4 1 0 3 0 -3 0 .2 8 1 3 4 .0 6 91 15 1 0 .4 3 3 0 .5 7 3 0 .5 7 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
M U L G x x  A U S K S E Q 1 4 0 5 7 2 1 1 3 -3 0 .2 8 1 3 4 .0 6 89 15 0 .7 5 0 .3 2 2 9 .0 2 2 9 .0 2 5 3 .6 2 -1 7 1 .8 3 3 2 6 5 B
M U L G x x  A U S K S E Q 1 4 1 7 4 2 0 5 3 -3 0 .2 8 1 3 4 .0 6 89 16 1 0 .3 5 2 5 .8 6 2 5 .8 6 5 1 .8 4 9 1 7 8 .7 3 5 109 B
M U L G x x  A U S K S E Q 1 4 2 4 9 0 6 5 3 -3 0 .2 8 1 3 4 .0 6 88 10 1 .05 0 .2 5 1 2 3 .4 4 3 3 .4 4 -2 6 .6 4 8 -1 1 4 .5 7 B
M U L G x x  A U S K S E Q 1 5 2 9 9 0 9 0 9 -3 0 .2 8 1 3 4 .0 6 84 11 .5 0 .9 5 0 .3 3 1 3 .8 8 4 3 .8 8 3 6 .4 4 1 7 0 .7 1 7 2 1 2 .5 B
M U L G x x  A U S K S E Q 1 6 1 0 1 1 0 2 8 -3 0 .2 8 1 3 4 .0 6 85 6 .5 1.4 0 .2 3 3 1 4 .1 2 4 4 .1 2 3 6 .4 7 2 7 1 .1 3 1 2 1 2 B
M U L G x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -3 0 .2 8 1 3 4 .0 6 83 3 1 .45 0 .2 5 1 9 0 .4 8 1 0 .4 8 -5 6 .2 4 1 -2 6 .9 3 5 78 B
M U L G x x  A U S K S E Q 1 6 1 7 8 1 1 1 7 -3 0 .2 8 1 3 4 .0 6 77 8 .5 1 .15 0 .2 5 3 1 7 .5 5 4 7 .5 5 3 9 .4 8 7 7 3 .3 4 9 20 B
M U L G x x  A U S K S E Q 1 6 3 3 0 1 4 2 4 -3 0 .2 8 1 3 4 .0 6 74 15 1.1 0 .4 3 3 1 7 .7 4 7 .7 3 9 .2 3 7 4 .0 2 1 17 B
M U L G x x  A U S K S E Q 1 7 2 8 1 2 2 3 4 -3 0 .2 8 1 3 4 .0 6 90 3 1 .2 0 .1 5 2 4 .5 6 2 4 .5 6 5 2 .3 9 1 1 7 6 .7 6 9 119 B
M U L G x x  A U S K S E Q 1 7 3 1 6 1 8 1 8 -3 0 .2 8 1 3 4 .0 6 71 5 1 .2 0 .1 8 3 0 1 .6 6 3 1 .6 6 3 4 .9 1 1 4 5 .9 5 9 19 B
M U L G x x  A U S K S E Q 1 8 0 2 3 0 9 3 1 -3 0 .2 8 1 3 4 .0 6 99 19 1 .2 0 .5 2 3 5 .0 1 3 5 .0 1 5 6 .0 4 6 -1 4 9 .0 7 3 25 B
M U N x x x  A U S K S E Q 0 8 1 0 5 0 9 4 5 -3 1 .9 8 1 1 6 .21 89 3 .5 0 .8 0 .1 5 1 9 9 .1 8 1 9 .1 8 -5 6 .0 2 2 -2 8 .0 3 5 1 4 0 .2 B
N T L H x x  A U S K K E Q 1 7 3 1 6 1 8 1 8 -3 2 .9 1 5 1 .7 36 2 .5 1 .45 1.5 2 9 4 .4 2 4 .4 3 4 .9 1 1 4 5 .9 5 9 19 B
N W A O x x  A U P K S E Q 1 4 2 3 6 2 3 2 1 -3 2 .9 3 1 1 7 .2 4 100 6 .5 0 .6 5 0 .1 2 1 6 5 .9 4 7 5 .9 4 -1 4 .5 9 8 -7 3 .5 7 1 101 A
N W A O x x  A U P K S E Q 1 8 0 1 4 0 9 1 8 -3 2 .9 3 1 1 7 .2 4 117 10 0 .5 5 0 .1 1 6 4 .8 6 7 4 .8 6 -1 5 .7 5 9 -7 4 .7 1 39 A
N W A O x x  IU P K S E Q 0 5 2 6 9 0 1 5 5 -3 2 .9 3 1 1 7 .2 4 110 7 .5 0 .7 5 0 .1 1 5 8 .8 3 6 8 .8 3 -5 .6 7 8 -7 6 .3 9 8 115 A
N W A O x x  IU P K S E Q 0 7 2 2 7 2 3 4 0 -3 2 .9 3 1 1 7 .2 4 99 11 0 .8 0 .2 5 1 6 1 .7 2 7 1 .7 2 -1 3 .3 8 6 -7 6 .6 0 3 39 B
N W A O x x  IU P K S E Q 1 1 3 0 1 1 8 5 4 -3 2 .9 3 1 1 7 .2 4 101 3 .5 0 .7 5 0 .1 1 6 2 .8 8 7 2 .8 8 -1 4 .4 3 8 -7 5 .9 6 6 24 A
N W A O x x  IU P K S E Q 1 1 3 2 6 1 8 4 8 -3 2 .9 3 1 1 7 .2 4 112 18 .5 0 .5 0 .2 2 1 7 6 .9 8 8 6 .9 8 -1 5 .3 6 4 -6 5 .0 9 5 4 9 .9 B
N W A O x x  IU P K S E Q 1 4 2 3 6 2 3 2 1 -3 2 .9 3 1 1 7 .2 4 103 11 0 .6 0 .1 7 1 6 5 .9 4 7 5 .9 4 -1 4 .5 9 8 -7 3 .5 7 1 101 A
N W A O x x  IU P K S E Q 1 8 0 1 4 0 9 1 8 -3 2 .9 3 1 1 7 .2 4 103 5 0 .7 0 .1 1 6 4 .8 6 7 4 .8 6 -1 5 .7 5 9 -7 4 .7 1 39 A
O K D L x x  A U S K K E Q 1 7 3 1 6 1 8 1 8 - 3 4 .0 7 1 5 0 .4 8 133 3 0 .7 0 .1 2 9 4 .2 3 2 4 .2 3 3 4 .9 1 1 4 5 .9 5 9 19 B
O K D L x x  A U S K S E Q 1 8 0 2 3 0 9 3 1 - 3 4 .0 7 1 5 0 .4 8 13 4 0 .8 5 0 .1 5 3 0 .1 2 3 0 .1 2 5 6 .0 4 6 -1 4 9 .0 7 3 25 B
O O D x x x  A U P K S E Q 1 4 1 0 1 2 0 2 9 -2 7 .7 9 1 3 5 .6 9 69 17 .5 0 .4 5 0 .2 3 1 0 4 .0 2 1 4 .0 3 1 1 .6 4 2 -8 5 .8 7 8 135 A
O O D x x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 -2 7 .7 9 1 3 5 .6 9 107 20 0 .4 0 .2 7 1 4 2 .1 9 5 2 .2 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 B
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
O O D x x x  A U S K S E Q 1 4 0 3 2 0 3 5 8 -2 7 .7 9 1 3 5 .6 9 80 2 .5 1 .2 0 .1 5 1 8 9 .2 6 9 .2 6 -5 6 .8 2 7 -2 7 .3 3 9 130 B
O O D x x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -2 7 .7 9 1 3 5 .6 9 76 3 .5 1.1 0 .1 5 1 8 9 .6 3 9 .6 4 -5 6 .2 4 1 -2 6 .9 3 5 78 B
O O D x x x  A U S K S E Q 1 7 1 3 0 2 3 2 3 -2 7 .7 9 1 3 5 .6 9 77 3 .5 1 .2 0 .2 1 9 0 .2 3 1 0 .2 3 -5 6 .4 1 4 -2 5 .7 4 3 15 B
O O D x x x  A U S K S E Q 1 7 3 1 6 1 8 1 8 -2 7 .7 9 1 3 5 .6 9 57 4 0 .9 0 .1 2 3 0 1 .6 5 3 1 .6 5 3 4 .9 1 1 4 5 .9 5 9 19 A
P S A 0 0 x  A U S K K E Q 1 4 1 0 1 2 0 2 9 - 2 1 .5 7 1 1 9 .8 5 77 2 2 .5 0 .4 5 0 .7 1 0 7 .7 3 1 7 .7 4 1 1 .6 4 2 -8 5 .8 7 8 135 B
P S A A 1 x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -2 1 .5 8 1 1 9 .8 4 78 2 2 .5 0 .4 5 0 .8 1 0 7 .7 6 1 7 .7 5 1 1 .6 4 2 -8 5 .8 7 8 135 B
P S A A 2 x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -2 1 .5 6 1 1 9 .8 5 49 2 2 .5 0 .4 5 0 .6 5 107 .7 1 1 7 .7 2 1 1 .6 4 2 -8 5 .8 7 8 135 B
P S A A 3 x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -2 1 .5 8 1 1 9 .8 5 65 2 0 .5 0 .3 5 0 .4 1 0 7 .7 5 1 7 .7 4 1 1 .6 4 2 -8 5 .8 7 8 135 B
P S A A 3 x  A U S K S E Q 1 6 0 2 4 1 0 3 0 -2 1 .5 8 1 1 9 .8 5 4 7 6 .5 1 .25 0 .3 5 3 2 .0 1 3 2 .0 1 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
P S A B 1 x  A U S K K E Q 1 4 1 0 1 2 0 2 9 - 2 1 .5 7 1 1 9 .8 2 56 2 1 .5 0 .4 0 .4 3 1 0 7 .7 6 1 7 .7 5 1 1 .6 4 2 -8 5 .8 7 8 135 B
P S A B 1 x  A U S K K E Q 1 6 0 2 4 1 0 3 0 - 2 1 .5 7 1 1 9 .8 2 45 11 0 .9 5 0 .3 8 3 2 .0 1 3 2 .0 1 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
P S A B 1 x  A U S K S E Q 1 6 0 2 4 1 0 3 0 - 2 1 .5 7 1 1 9 .8 2 48 4 .5 1.4 0 .3 2 3 2 .0 1 3 2 .0 1 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
P S A B 2 x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -2 1 .5 5 1 1 9 .8 6 54 2 0 .5 0 .4 0 .3 3 1 0 7 .6 8 1 7 .6 9 1 1 .6 4 2 -8 5 .8 7 8 135 B
P S A B 3 x  A U S K S E Q 1 3 0 4 5 1 3 1 3 -2 1 .5 9 1 1 9 .8 5 67 16 0 .9 0 .4 8 .5 2 8 .5 2 6 7 .5 8 2 1 4 2 .5 6 4 9 .9 B
P S A C 1 x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -2 1 .5 3 1 1 9 .81 67 20 0 .4 0 .3 3 1 0 7 .6 9 1 7 .7 1 1 .6 4 2 -8 5 .8 7 8 135 B
P S A C 1 x  A U S K K E Q 1 5 3 5 1 1 9 4 9 -2 1 .5 3 1 1 9 .81 49 17 0 .4 5 0 .2 7 9 4 .4 3 4 .4 4 1 5 .8 0 4 -9 3 .6 2 7 8 5 .9 B
P S A D 1 x  A U S K S E Q 1 5 2 1 0 0 2 3 5 -2 1 .4 5 1 1 9 .8 3 56 8 1 .2 0 .2 8 3 1 .7 3 3 1 .7 3 5 9 .8 9 4 -1 5 3 .1 9 6 119 .3 B
P S A D 1 x  A U S K S E Q 1 8 0 2 3 0 9 3 1 -2 1 .4 5 1 1 9 .8 3 55 3 1.3 0 .1 8 3 6 .1 8 3 6 .1 8 5 6 .0 4 6 -1 4 9 .0 7 3 25 A
P S A D 2 x  A U S K S E Q 1 3 0 4 5 1 3 1 3 - 2 1 .6 2 1 1 9 .9 6 73 7 .5 1 .85 0 .5 3 8 .4 8 8 .4 8 6 7 .5 8 2 1 4 2 .5 6 4 9 .9 B
Q I S x x x  A U P K S E Q 1 0 0 6 3 2 2 3 9 -2 0 .5 6 1 3 9 .61 171 8 .5 0 .6 5 0 .1 5 1 4 5 .7 8 5 5 .7 8 -2 2 .2 2 7 -6 8 .3 2 8 114 B
Q I S x x x  A U P K S E Q 1 0 1 2 6 0 2 4 2 -2 0 .5 6 1 3 9 .61 163 6 0 .9 0 .1 8 140 .3 1 5 0 .3 1 -1 8 .0 5 8 -7 0 .5 4 7 3 7 B
Q I S x x x  A U P K S E Q 1 0 1 3 9 0 4 1 5 -2 0 .5 6 1 3 9 .61 2 15 .5 0 .7 0 .2 5 1 2 0 .8 7 3 0 .8 8 -5 .0 8 3 -7 7 .5 4 1 132 B
Q I S x x x  A U P K S E Q 1 0 1 4 4 1 6 1 8 -2 0 .5 6 1 3 9 .61 9 15 0 .5 5 0 .1 5 1 2 9 .7 9 3 9 .7 9 -8 .0 8 7 -7 1 .5 5 8 5 8 1 .2 B
Q I S x x x  A U P K S E Q 1 1 0 6 5 1 2 3 1 -2 0 .5 6 1 3 9 .61 156 2 .5 1.1 0 .1 5 1 4 1 .4 7 5 1 .4 7 -1 8 .0 2 1 -6 9 .3 6 2 118 A
Q I S x x x  A U P K S E Q 1 1 3 0 1 1 8 5 4 -2 0 .5 6 1 3 9 .61 13 12 0 .8 0 .1 7 1 3 1 .9 9 4 1 .9 9 -1 4 .4 3 8 -7 5 .9 6 6 24 A
Q I S x x x  A U P K S E Q 1 3 2 2 4 0 9 4 9 -2 0 .5 6 1 3 9 .61 1 11 0 .8 0 .1 7 1 1 7 .7 8 2 7 .7 8 -5 .3 9 6 -8 1 .9 2 7 10 A
Q I S x x x  A U P K S E Q 1 4 2 3 6 2 3 2 1 -2 0 .5 6 1 3 9 .61 168 14 .5 0 .7 5 0 .2 5 1 3 4 .3 3 4 4 .3 3 -1 4 .5 9 8 -7 3 .5 7 1 101 A
Q I S x x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 -2 0 .5 6 1 3 9 .61 165 11 .5 0 .5 0 .1 1 3 2 .9 6 4 2 .9 6 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
Q I S x x x  A U P K S E Q 1 8 0 1 4 0 9 1 8 -2 0 .5 6 1 3 9 .61 158 7 .5 0 .9 0 .2 5 1 3 4 .3 4 4 4 .3 5 -1 5 .7 5 9 -7 4 .7 1 39 A
Q I S x x x  A U P K S E Q 1 8 0 2 1 0 1 0 6 -2 0 .5 6 1 3 9 .61 164 3 .5 0 .8 5 0 .1 2 1 4 1 .9 2 5 1 .9 2 -1 8 .8 8 8 -6 9 .6 1 7 110 .8 A
Q I S x x x  A U S K K E Q 1 5 3 2 8 2 2 5 0 -2 0 .5 6 1 3 9 .61 166 12 0 .8 5 0 .1 8 132 .4 4 2 .4 1 -1 0 .0 4 7 -7 1 .0 2 3 6 1 1 .7 A
Q I S x x x  A U S K K E Q 1 7 0 5 2 1 4 0 9 -2 0 .5 6 1 3 9 .61 176 8 .5 1 .25 0 .2 8 148 .3 5 8 .3 -1 9 .2 8 4 -6 3 .8 9 9 5 9 7 .9 B
Q I S x x x  A U S K S E Q 1 2 0 8 5 2 2 3 7 -2 0 .5 6 1 3 9 .61 21 2 1 .5 0 .6 0 .5 7 1 5 1 .0 5 6 1 .0 5 -3 5 .2 -7 2 .2 1 7 4 0 .7 B
Q L P x x x  A U P K S E Q 1 1 3 2 6 1 8 4 8 -2 6 .5 8 1 4 4 .2 4 150 1.5 1.3 0 .2 1 4 2 .2 4 5 2 .2 5 -1 5 .3 6 4 -6 5 .0 9 5 4 9 .9 B
Q L P x x x  A U P K S E Q 1 5 3 2 8 2 2 4 5 -2 6 .5 8 1 4 4 .2 4 147 5 0 .7 0 .1 5 1 3 2 .5 4 4 2 .5 5 -1 0 .5 3 6 -7 0 .9 6 5 6 0 5 .7 A
Q L P x x x  A U S K K E Q 1 1 2 4 5 1 3 4 7 -2 6 .5 8 1 4 4 .2 4 116 17 0 .6 5 0 .3 152 .4 6 2 .4 1 -2 8 .3 9 8 -6 3 .0 2 9 5 7 8 .9 B
Q L P x x x  A U S K K E Q 1 2 1 4 9 0 5 0 7 -2 6 .5 8 1 4 4 .2 4 117 9 .5 0 .7 5 0 .1 8 1 5 2 .1 5 6 2 .1 6 -2 8 .0 4 3 -6 3 .0 9 4 5 8 6 .9 B
Q L P x x x  A U S K S E Q 1 0 1 9 9 0 5 5 6 -2 6 .5 8 1 4 4 .2 4 0 12 0 .6 5 0 .2 2 5 .8 2 2 5 .8 2 5 2 .8 7 6 -1 6 9 .8 4 8 14 B
Q L P x x x  A U S K S E Q 1 1 1 7 5 0 3 0 9 -2 6 .5 8 1 4 4 .2 4 9 4 .5 0 .7 0 .1 5 2 5 .4 2 5 .4 5 2 .0 5 -1 7 1 .8 3 6 5 2 A
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Table S1. Well-defined Individual Splitting Parameters. (cont.)
Q L P x x x  A U S K S E Q 1 1 2 4 5 1 0 5 5 -2 6 .5 8 1 4 4 .2 4 3 12 0 .7 5 0 .3 2 2 5 .3 8 2 5 .3 9 5 2 .1 7 1 -1 7 1 .7 0 8 3 2 B
Q L P x x x  A U S K S E Q 1 4 0 5 7 2 1 1 3 -2 6 .5 8 1 4 4 .2 4 1 9 0 .8 0 .2 2 2 4 .4 2 2 4 .4 2 5 3 .6 2 -1 7 1 .8 3 3 2 6 5 A
Q L P x x x  A U S K S E Q 1 5 2 1 0 0 2 3 5 -2 6 .5 8 1 4 4 .2 4 159 18 0 .3 5 0 .2 2 7 .0 4 2 7 .0 4 5 9 .8 9 4 -1 5 3 .1 9 6 119 .3 B
Q L P x x x  A U S K S E Q 1 6 0 2 4 1 0 3 0 -2 6 .5 8 1 4 4 .2 4 2 7 .5 0 .5 5 0 .1 2 2 7 .2 2 2 7 .2 2 5 9 .6 2 -1 5 3 .3 3 9 125 .6 A
R I V x x x  A U S K S E Q 1 0 0 7 0 1 4 3 9 -3 3 .8 3 1 5 1 .1 6 101 18 .5 0 .3 5 0 .2 5 1 4 4 .8 3 5 4 .8 3 -3 4 .2 9 -7 1 .8 9 1 11 B
R I V x x x  A U S K S E Q 1 4 0 4 3 0 9 1 9 -3 3 .8 3 1 5 1 .1 6 174 9 0 .9 5 0 .1 5 3 1 0 .7 1 4 0 .7 2 3 5 .9 0 6 8 2 .5 8 7 10 B
R I V x x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -3 3 .8 3 1 5 1 .1 6 67 5 1 .15 0 .2 5 1 8 1 .0 6 1 .06 -5 6 .2 4 1 -2 6 .9 3 5 78 B
R I V x x x  A U S K S E Q 1 7 1 1 4 2 1 3 8 -3 3 .8 3 1 5 1 .1 6 73 12 0 .6 5 0 .2 1 4 3 .9 7 5 3 .9 7 -3 3 .0 3 7 -7 2 .0 6 2 28 B
R K G Y x x  A U S K K E Q 1 4 1 0 1 2 0 2 9 -3 4 .6 1 1 1 6 .9 8 69 7 .5 0 .7 5 0 .2 1 3 2 .2 4 2 .2 1 1 .6 4 2 -8 5 .8 7 8 135 B
R K G Y x x  A U S K S E Q 1 6 0 3 0 0 3 2 5 -3 4 .6 1 1 1 6 .9 8 72 16 .5 0 .5 5 0 .2 2 3 .1 4 2 3 .1 5 5 4 .0 0 6 1 5 8 .5 1 3 1 6 3 .2 A
R K G Y x x  A U S K S E Q 1 7 3 1 6 1 8 1 8 -3 4 .6 1 1 1 6 .9 8 72 6 .5 0 .6 5 0 .1 3 0 8 .6 3 3 8 .6 3 3 4 .9 1 1 4 5 .9 5 9 19 A
R M Q x x x  A U S K S E Q 1 0 3 4 2 0 5 2 4 -2 6 .4 9 1 4 8 .7 6 133 4 .5 0 .7 0 .0 8 1 8 3 .0 8 3 .0 8 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 A
R M Q x x x  A U S K S E Q 1 1 0 1 8 2 0 2 3 -2 6 .4 9 1 4 8 .7 6 137 7 1.1 0 .2 5 2 9 7 .9 8 2 7 .9 8 2 8 .7 7 7 6 3 .9 5 1 68 B
R M Q x x x  A U S K S E Q 1 3 3 2 0 0 3 3 4 -2 6 .4 9 1 4 8 .7 6 138 4 0 .8 0 .1 1 7 2 .1 8 8 2 .1 8 -6 0 .2 6 3 -4 7 .0 6 2 10 B
R M Q x x x  A U S K S E Q 1 3 3 2 1 0 9 0 4 -2 6 .4 9 1 4 8 .7 6 138 3 .5 0 .9 5 0 .1 172 .5 8 2 .5 1 -6 0 .2 7 4 -4 6 .4 0 1 10 B
R M Q x x x  A U S K S E Q 1 5 0 3 3 1 0 4 9 -2 6 .4 9 1 4 8 .7 6 128 3 1 .85 0 .1 1 4 7 .8 2 5 7 .8 2 -3 2 .7 1 8 -6 7 .1 2 3 172 B
R M Q x x x  A U S K S E Q 1 6 1 4 9 0 9 4 6 -2 6 .4 9 1 4 8 .7 6 142 2 .5 0 .5 5 0 .0 5 1 8 2 .4 2 2 .4 3 -5 6 .2 4 1 -2 6 .9 3 5 78 A
R P 0 2 x x  7J S K K E Q 0 6 2 6 1 0 3 4 5 -2 0 .6 3 1 1 8 .7 2 13 6 .5 1.4 0 .3 5 3 5 .1 8 3 5 .1 8 5 1 .5 9 6 -1 7 3 .9 6 1 18 B
S A 0 8 x x  7B S K S E Q 9 3 2 2 1 1 2 4 2 -2 5 .7 1 1 5 0 .8 9 21 4 .5 1 .55 0 .4 3 0 6 .7 3 3 6 .7 3 3 6 .3 7 9 7 0 .8 6 8 2 1 4 .5 B
S A 0 8 x x  7B S K S E Q 9 3 2 7 0 1 3 3 7 -2 5 .7 1 1 5 0 .8 9 44 17 .5 0 .7 5 0 .2 8 1 6 6 .6 7 7 6 .6 7 -5 3 .6 5 1 -5 1 .6 2 1 33 B
S B 0 6 x x  7B S K K E Q 9 4 0 7 3 2 0 5 1 -3 5 .0 4 1 4 0 .1 5 74 18 0 .7 0 .2 8 9 8 .1 5 8 .1 5 1 5 .9 9 4 -9 2 .4 2 8 1 6 4 .2 B
S B 0 9 x x  7B S K S E Q 9 4 0 1 0 1 5 5 3 -3 2 .2 9 1 4 6 .8 6 174 6 .5 0 .9 5 0 .1 5 1 3 6 .6 8 4 6 .6 8 -1 3 .3 3 9 -6 9 .4 4 6 5 9 6 A
S C 0 6 x x  7B S K S E Q 9 4 2 0 6 2 2 0 0 -1 9 .1 4 1 2 8 .1 2 40 8 1.3 0 .3 1 9 3 .6 6 1 3 .6 6 -5 6 .3 6 2 -2 7 .3 6 5 8 1 .3 A
S O C 0 4 x  7 K S K S E Q 0 8 1 2 3 0 1 3 3 -3 4 .2 8 1 4 9 .0 3 173 17 0 .6 5 0 .2 8 19 .98 1 9 .9 8 5 1 .8 6 4 -1 7 7 .5 2 8 14 B
S O C 0 5 x  7 K S K S E Q 0 7 3 5 5 0 7 2 4 -3 4 .8 1 1 4 7 .7 3 165 20 0 .7 5 0 .4 8 2 0 .1 3 2 0 .1 3 5 1 .3 6 6 -1 7 8 .9 7 9 25 B
S O C 0 8 x  7 K P K S E Q 0 8 0 4 3 1 2 5 0 - 3 2 .5 2 1 3 6 .51 81 2 2 .5 0 .8 0 .6 9 6 .7 5 6 .7 5 1 6 .3 5 7 -9 4 .3 0 4 83 A
S O C 0 8 x  7 K S K K E Q 0 7 3 3 3 1 9 0 0 - 3 2 .5 2 1 3 6 .51 69 18 .5 0 .7 5 0 .3 2 1 3 3 .0 7 4 3 .0 6 1 4 .9 4 4 -6 1 .2 7 4 156 A
S O C 0 9 x  7 K S K K E Q 0 7 3 3 3 1 9 0 0 - 3 1 .6 7 1 3 7 .0 6 53 5 0 .8 5 0 .2 3 1 3 0 .6 3 4 0 .6 3 1 4 .9 4 4 -6 1 .2 7 4 156 B
S O C 0 9 x  7 K S K S E Q 0 8 1 8 7 0 2 1 2 - 3 1 .6 7 1 3 7 .0 6 81 8 0 .6 0 .1 7 9 .3 1 9 .3 1 5 3 .8 8 2 1 5 2 .8 8 6 6 3 2 .8 B
S O C 1 0 x  7 K S K K E Q 0 7 3 3 3 1 9 0 0 -2 9 .7 1 1 3 7 .0 6 104 8 .5 0 .7 0 .1 5 1 2 7 .0 5 3 7 .0 5 1 4 .9 4 4 -6 1 .2 7 4 156 A
S O C 1 2 x  7 K S K K E Q 0 7 3 3 3 1 9 0 0 -3 1 .0 9 1 3 8 .6 8 54 2 .5 1 .2 0 .1 5 1 2 6 .8 3 3 6 .8 3 1 4 .9 4 4 -6 1 .2 7 4 156 A
S O C 1 4 x  7 K S K K E Q 0 7 3 3 3 1 9 0 0 -3 1 .3 9 1 3 9 .81 101 9 .5 0 .7 5 0 .1 5 1 2 5 .5 3 3 5 .5 2 1 4 .9 4 4 -6 1 .2 7 4 156 A
S O C 1 4 x  7 K S K S E Q 0 8 0 4 1 1 2 2 2 -3 1 .3 9 1 3 9 .81 72 5 .5 1.1 0 .2 3 187 .1 1 7 .1 1 -6 0 .7 9 7 -2 5 .5 8 6 8 B
S T K A x x  A U P K S E Q 0 8 3 2 4 0 6 1 1 -3 1 .8 8 1 4 1 .6 89 2 .5 1 .55 0 .2 1 0 9 .7 3 1 9 .7 3 8 .2 6 7 -8 2 .9 6 7 3 2 B
S T K A x x  A U S K S E Q 1 0 1 9 9 0 5 5 6 -3 1 .8 8 1 4 1 .6 102 6 .5 1.9 0 .6 8 2 7 .1 1 2 7 .1 1 5 2 .8 7 6 -1 6 9 .8 4 8 14 B
T O O x x x  A U P K S E Q 1 7 2 0 1 2 2 3 1 - 3 7 .5 7 1 4 5 .4 9 40 2 .5 1.4 0 .1 8 2 8 9 .2 1 19 .21 3 6 .9 2 9 2 7 .4 1 4 7 B
T O O x x x  A U S K K E Q 1 1 0 1 8 2 0 2 3 - 3 7 .5 7 1 4 5 .4 9 4 2 18 1 .05 0 .5 2 9 7 .8 6 2 7 .8 6 2 8 .7 7 7 6 3 .9 5 1 68 B
T O O x x x  A U S K S E Q 0 8 1 0 6 2 2 5 9 - 3 7 .5 7 1 4 5 .4 9 93 13 0 .9 5 0 .3 3 2 0 .9 8 2 0 .9 8 5 1 .8 5 6 -1 7 9 .3 6 1 11 B
T O O x x x  A U S K S E Q 0 8 1 8 7 0 2 1 2 - 3 7 .5 7 1 4 5 .4 9 28 16 0 .7 5 0 .3 4 .3 7 4 .3 7 5 3 .8 8 2 1 5 2 .8 8 6 6 3 2 .8 B
71
Table S1. Well-defined Individual Splitting Parameters. (cont.)
T O O x x x  A U S K S E Q 1 6 0 3 0 0 3 2 5 - 3 7 .5 7 1 4 5 .4 9 26 2 0 .5 0 .9 0 .4 7 .6 5 7 .6 5 5 4 .0 0 6 1 5 8 .5 1 3 1 6 3 .2 B
W B 2 x x x  A U P K S E Q 1 0 0 6 3 2 2 3 9 -1 9 .9 4 1 3 4 .3 5 84 2 2 .5 0 .4 5 0 .4 5 1 5 0 .9 7 6 0 .9 7 -2 2 .2 2 7 -6 8 .3 2 8 114 B
W B 2 x x x  A U P K S E Q 1 0 1 2 6 0 2 4 2 -1 9 .9 4 1 3 4 .3 5 72 13 .5 0 .6 0 .2 1 4 5 .4 8 5 5 .4 8 -1 8 .0 5 8 -7 0 .5 4 7 3 7 B
W B 2 x x x  A U P K S E Q 1 0 1 9 3 0 0 1 1 -1 9 .9 4 1 3 4 .3 5 80 2 2 .5 0 .5 5 0 .4 8 1 5 1 .0 4 6 1 .0 4 -2 2 .1 4 6 -6 8 .2 1 6 115 B
W B 2 x x x  A U P K S E Q 1 1 3 0 9 0 7 1 3 -1 9 .9 4 1 3 4 .3 5 107 8 0 .4 5 0 .0 8 149 .8 1 5 9 .8 1 -2 3 .4 6 8 -7 0 .1 9 9 33 B
W B 2 x x x  A U S K K E Q 0 7 0 5 5 0 2 3 6 -1 9 .9 4 1 3 4 .3 5 173 12 0 .6 5 0 .1 5 1 2 4 .5 4 3 4 .5 4 -7 .0 0 6 -8 0 .4 8 5 23 B
W B 2 x x x  A U S K S E Q 0 7 2 7 5 1 8 0 0 -1 9 .9 4 1 3 4 .3 5 6 6 .5 1 0 .2 3 1 .6 1 3 1 .6 1 5 4 .5 1 1 -1 6 1 .7 0 8 3 2 B
W B 2 x x x  A U S K S E Q 1 1 1 7 5 0 3 0 9 -1 9 .9 4 1 3 4 .3 5 7 18 0 .7 5 0 .2 8 2 9 .9 9 2 9 .9 9 5 2 .0 5 -1 7 1 .8 3 6 5 2 B
W B 2 x x x  A U S K S E Q 1 5 1 4 9 0 7 0 0 -1 9 .9 4 1 3 4 .3 5 7 11 0 .6 0 .2 3 3 1 .3 1 3 1 .3 1 5 6 .5 9 4 -1 5 6 .4 3 7 2 .6 B
W B 2 x x x  A U S K S E Q 1 5 2 1 0 0 2 3 5 -1 9 .9 4 1 3 4 .3 5 176 2 0 .5 0 .6 0 .3 5 2 9 .0 9 2 9 .0 9 5 9 .8 9 4 -1 5 3 .1 9 6 119 .3 B
W B 2 x x x  A U S K S E Q 1 6 0 2 4 1 0 3 0 -1 9 .9 4 1 3 4 .3 5 3 9 0 .5 5 0 .1 5 2 9 .3 1 2 9 .3 1 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
W B 2 x x x  A U S K S E Q 1 7 3 1 6 1 8 1 8 -1 9 .9 4 1 3 4 .3 5 165 9 0 .6 0 .1 2 3 0 3 .5 3 3 .5 3 4 .9 1 1 4 5 .9 5 9 19 B
W B 2 x x x  A U S K S E Q 1 8 0 2 3 0 9 3 1 -1 9 .9 4 1 3 4 .3 5 2 12 0 .6 5 0 .1 7 3 3 .5 5 3 3 .5 5 5 6 .0 4 6 -1 4 9 .0 7 3 25 A
W R 0 4 x x  7 G S K S E Q 0 0 3 4 1 1 7 1 1 -2 6 .1 9 1 2 1 .9 3 25 8 1 .15 0 .4 3 3 1 4 .5 8 4 4 .5 8 3 9 .5 6 6 5 4 .7 9 9 30 B
W R 0 7 x x  7 G S K S E Q 0 0 2 7 6 0 2 2 5 -2 8 .4 8 1 2 2 .4 5 13 2 2 .5 0 .8 5 1 .1 7 2 6 2 .2 8 2 .2 -7 .9 7 7 3 0 .7 0 9 34 B
W R 0 8 x x  7 G P K S E Q 0 1 0 5 9 1 8 5 4 - 3 0 .7 2 1 1 8 .3 5 95 16 .5 0 .5 5 0 .1 8 5 2 .3 1 5 2 .3 1 4 7 .1 4 9 - 1 2 2 .7 2 7 5 1 .9 B
W R A B x x  II S K S E Q 1 5 1 4 9 0 7 0 0 -1 9 .9 3 1 3 4 .3 6 1 16 .5 0 .5 5 0 .2 3 1 .3 1 3 1 .3 1 5 6 .5 9 4 -1 5 6 .4 3 7 2 .6 B
W R A B x x  II S K S E Q 1 6 0 2 4 1 0 3 0 -1 9 .9 3 1 3 4 .3 6 156 13 0 .4 5 0 .1 2 2 9 .3 1 2 9 .3 1 5 9 .6 2 -1 5 3 .3 3 9 125 .6 B
W R A B x x  II S K S E Q 1 7 3 1 6 1 8 1 8 -1 9 .9 3 1 3 4 .3 6 167 11 0 .6 5 0 .1 8 3 0 3 .5 3 3 .5 3 4 .9 1 1 4 5 .9 5 9 19 B
W R A B x x  II S K S E Q 1 8 0 2 3 0 9 3 1 -1 9 .9 3 1 3 4 .3 6 168 14 .5 0 .5 5 0 .2 8 3 3 .5 5 3 3 .5 5 5 6 .0 4 6 -1 4 9 .0 7 3 25 A
W R K A x x  A U S K K E Q 1 2 1 4 9 0 5 0 7 -2 5 .0 4 1 2 8 .3 148 13 .5 0 .5 5 0 .2 2 1 6 7 .5 2 7 7 .5 2 -2 8 .0 4 3 -6 3 .0 9 4 5 8 6 .9 B
W R K A x x  A U S K S E Q 1 0 3 4 2 0 5 2 4 -2 5 .0 4 1 2 8 .3 91 11 0 .8 0 .2 8 1 9 4 .1 6 1 4 .1 6 -5 6 .4 1 2 -2 5 .7 4 1 2 9 .4 B
W R K A x x  A U S K S E Q 1 3 0 9 9 1 1 5 2 -2 5 .0 4 1 2 8 .3 14 13 .5 0 .9 5 0 .3 3 3 0 1 .0 5 3 1 .0 5 2 8 .5 5 1 .5 9 1 10 B
W R K A x x  A U S K S E Q 1 7 3 1 6 1 8 1 8 -2 5 .0 4 1 2 8 .3 6 19 .5 0 .4 5 0 .2 3 3 0 4 .6 5 3 4 .6 5 3 4 .9 1 1 4 5 .9 5 9 19 B
W T 0 4 x x  7 G P K S E Q 0 1 0 5 9 1 8 5 4 -3 1 .5 1 1 1 7 .7 7 90 13 .5 0 .5 0 .1 5 5 2 .8 9 5 2 .8 9 4 7 .1 4 9 - 1 2 2 .7 2 7 5 1 .9 A
W T 0 5 x x  7 G P K S E Q 0 1 0 5 9 1 8 5 4 -3 1 .3 1 1 8 .3 6 86 7 .5 0 .7 0 .1 2 5 2 .7 1 5 2 .7 1 4 7 .1 4 9 - 1 2 2 .7 2 7 5 1 .9 A
W T 0 5 x x  7 G S K S E Q 0 0 3 4 1 1 7 1 1 -3 1 .3 1 1 8 .3 6 82 2 2 .5 0 .6 0 .9 5 3 1 6 .1 7 4 6 .1 7 3 9 .5 6 6 5 4 .7 9 9 30 B
Y N G x x x  A U S K S E Q 1 3 3 0 4 2 3 0 3 -3 4 .3 1 4 8 .4 74 7 1.1 0 .3 144 .8 5 4 .8 -3 0 .2 9 8 -7 1 .5 5 7 29 B
Y N G x x x  A U S K S E Q 1 5 2 9 9 0 9 0 9 -3 4 .3 1 4 8 .4 164 17 .5 0 .9 0 .4 7 3 0 6 .6 5 3 6 .6 5 3 6 .4 4 1 7 0 .7 1 7 2 1 2 .5 B
Table S2. Station-Averaged Splitting Parameters.
S ta t io n St-lat S t- lon Phi Phi-SD DT DT-SD N - m e a s
ARM Axx_AU - 3 0 .4 2 1 5 1 . 6 3 1 3 . 3 6 8 9 . 2 2 9 1 . 1 3 6 0 . 1 7 6 7
ARPSxx_AU - 3 6 .7 7 1 4 1 . 8 4 5 5 . 7 8 3 1 4 . 2 4 9 0 . 7 8 6 0 . 1 0 1 7
A S31xx_A U - 2 3 .6 7 1 3 3 . 9 7 3 . 1 9 8 8 . 8 4 6 1 . 0 0 6 0 . 0 5 6 2 6
AUALCx_Sy - 2 3 .6 9 1 3 3 . 8 8 7 1 4 . 0 0 7 0 .7 5 0 2
A U BSH x_Sy - 2 6 .8 6 1 5 2 . 9 5 1 2 1 4 0 .9 5 0 .3 1
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Table S2. Station-Averaged Splitting Parameters. (cont.)
AUCASx_Sy - 3 4 .2 6 1 3 5 . 7 2 2 4 . 6 1 6 1 1 . 1 8 9 0 .7 0 . 1 0 8 4
AUDCSx_Sy - 3 2 .2 3 1 4 8 . 6 3 1 1 . 5 6 1 2 0 . 7 8 6 1 .0 4 0 . 1 8 3 5
A U DH Sx_Sy - 1 2 .4 4 1 3 0 . 8 3 1 7 4 . 6 7 4 1 8 . 6 2 2 1 .5 8 3 0 . 0 8 8 3
AUJCSx_Sy - 3 3 .2 1 3 8 . 6 1 6 7 9 .5 1 .1 5 0 .3 1
AUKHSx_Sy - 3 3 .4 6 1 5 1 . 3 8 4 3 2 0 . 9 1 6 1 .4 7 5 0 . 1 7 5 2
AULRCx_Sy - 2 9 .4 3 1 4 7 . 9 8 3 0 . 7 1 8 1 3 . 9 7 1 1 0 . 0 7 6 3
A U M A G x_S y - 3 6 .1 1 4 4 . 7 5 6 2 1 8 .5 0 .4 5 0 . 2 7 1
A U M A R x_Sy - 3 4 .8 9 1 3 8 . 6 4 5 3 . 1 7 5 8 . 0 0 9 0 . 6 1 2 0 . 0 7 7 4
A U M O U x _ S y - 2 4 .5 8 1 4 9 . 9 8 1 4 8 15 0 .9 0 .3 1
AURM Kx_Sy - 3 4 .1 7 1 4 0 . 7 4 6 4 .5 8 . 5 6 4 1 .0 5 0 .2 2
AUTKSx_Sy - 3 3 .7 8 1 5 1 . 0 3 7 1 4 1 0 . 1 8 1
A U W SH x_S y - 2 7 .4 1 5 3 . 0 4 9 .5 4 . 5 0 9 0 . 9 7 5 0 . 1 7 5 2
B A 07xx_1P - 4 0 .4 3 1 4 8 . 3 1 1 0 4 . 0 6 2 1 . 5 6 1 1 .2 5 0 . 1 0 6 4
B A 08xx_1P - 3 9 .7 7 1 4 7 . 9 7 8 4 1 7 1 .1 0 .4 1
B A 09xx_1P - 3 9 .4 7 1 4 7 . 3 2 9 0 .5 5 . 5 1 7 0 .8 5 0 .1 2
B A 11xx_1P - 3 9 .6 4 1 4 3 . 9 8 1 0 7 1 9 0 .8 0 .5 1
B A 12xx_1P - 3 7 .6 6 1 4 9 . 4 1 1 5 3 6 .5 1 .7 0 .4 5 1
B A 13xx_1P - 3 7 .6 3 1 4 8 . 8 3 1 3 3 . 2 0 3 3 . 9 7 4 0 .6 5 0 . 0 9 4 5
B A 14xx_1P - 3 7 .6 3 1 4 8 1 2 6 2 . 0 0 1 0 .6 5 0 2
B A 17xx_1P - 3 9 .0 4 1 4 6 . 3 3 8 9 4 0 . 1 4 5 1 .2 2 5 0 . 6 2 5 2
B A 19xx_1P - 3 8 .5 7 1 4 5 . 6 9 6 5 .5 9 . 5 8 9 0 .5 5 0 .1 2
B A 20xx_1P - 3 8 .4 2 1 4 4 . 9 2 3 3 1 1 .5 1 .4 5 0 .4 1
B A 22xx_1P - 3 7 .9 9 1 4 3 . 6 1 4 6 1 1 .5 0 .6 5 0 .2 1
BBOOxx_AU - 3 2 .8 1 1 3 6 . 0 6 6 8 . 4 0 8 1 1 . 3 6 9 0 . 9 2 2 0 . 1 3 5 9
BL 06xx_6F - 1 8 .8 7 1 3 4 . 0 5 1 7 0 . 3 0 6 8 . 6 7 6 0 . 7 2 5 0 . 0 7 8 4
BL 08xx_6F - 2 0 .5 9 1 3 4 . 3 6 7 1 9 .5 0 .5 5 0 . 3 3 1
BL 09xx_6F - 2 1 .1 1 1 3 4 . 0 3 7 5 . 5 6 8 1 1 . 6 7 6 0 . 6 6 7 0 . 0 3 3 3
BL 10xx_6F - 2 1 .5 8 1 3 3 . 7 1 1 7 7 1 3 .5 0 .7 5 0 .3 1
BL 11xx_6F - 2 2 .1 5 1 3 3 . 4 9 1 7 6 . 3 3 3 2 .0 5 5 0 .9 5 0 . 0 2 9 3
BL 12xx_6F - 2 2 .7 4 1 3 3 . 4 8 1 5 2 1 9 .5 0 .4 0 . 2 7 1
BL 13xx_6F - 2 3 .4 1 3 3 . 4 8 8 2 . 4 5 3 1 1 . 8 5 3 0 .9 5 0 . 0 7 6 3
BL 14xx_6F - 2 3 .9 3 1 3 3 . 3 7 7 0 . 9 6 3 6 . 3 9 7 1 .1 5 0 . 1 5 3 3
BL 15xx_6F - 2 4 .3 9 1 3 3 . 2 9 6 1 .5 5 . 5 1 7 1 .0 2 5 0 . 2 2 5 2
BL 16xx_6F - 2 4 .9 2 1 3 3 . 3 5 3 .5 1 9 . 2 1 1 0 . 8 2 5 0 . 1 7 5 2
BL 17xx_6F - 2 5 .5 5 1 3 3 . 1 1 5 6 9 .5 0 .9 0 .1 5 1
BL 18xx_6F - 2 6 .1 5 1 3 3 . 2 9 7 8 2 1 .5 0 .9 5 0 .4 5 1
BL 20xx_6F - 2 7 .3 7 1 3 3 . 5 3 7 1 . 5 4 5 1 7 . 8 7 7 1 .2 6 7 0 . 1 4 8 3
BL 24xx_6F - 3 1 .2 8 1 3 5 . 2 8 6 6 6 . 0 2 2 0 . 9 7 5 0 . 0 2 5 2
BLDUxx_AU - 3 0 .6 1 1 1 6 . 7 1 1 3 7 . 5 6 4 1 0 . 2 0 6 0 .9 8 0 . 0 8 4 1 0
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Table S2. Station-Averaged Splitting Parameters. (cont.)
CM SAxx_AU - 3 1 .5 4 1 4 5 . 6 9 6 6 5 1 .1 0 . 1 8 1
COENxx_AU - 1 3 .9 6 1 4 3 . 1 8 1 5 0 . 7 9 9 1 6 . 6 5 9 0 . 9 4 5 0 . 1 2 6 1 0
CP11xx_7J - 2 5 .4 7 1 1 7 . 1 2 1 1 9 1 5 . 3 6 6 1 .0 7 5 0 . 0 7 5 2
CTAOxx_IU - 2 0 .0 9 1 4 6 . 2 5 7 1 . 8 1 2 7 . 2 8 4 0 .8 5 0 . 2 0 2 3
CTAxxx_AU - 2 0 .0 9 1 4 6 . 2 5 7 9 . 7 6 4 2 5 . 9 4 1 0 .9 9 0 . 0 9 8 5
EIDSxx_AU - 2 5 .3 7 1 5 1 . 0 8 4 8 . 5 1 3 2 1 . 9 9 8 0 . 9 9 1 0 . 0 7 3 1 1
FITZxx_AU - 1 8 .1 1 2 5 . 6 4 9 9 . 6 6 6 3 4 . 4 2 1 .1 3 2 0 . 1 0 8 1 4
FORTxx_AU - 3 0 .7 8 1 2 8 . 0 6 6 1 .8 1 6 . 1 6 0 . 6 4 5 0 . 0 9 7 1 1
GIRLxx_AU - 2 2 .6 4 1 1 4 . 2 3 4 0 5 . 0 1 3 1 .2 2 5 0 . 0 7 5 2
HTTxxx_AU - 3 3 .4 3 1 3 8 . 9 2 2 5 . 6 8 9 3 2 . 9 3 1 .0 5 0 . 2 2 5 5
K A 08xx_7D - 1 8 .8 7 1 2 6 . 0 2 5 8 7 .5 0 .6 0 .1 1
KDUxxx_AU - 1 2 .6 9 1 3 2 . 4 7 7 3 7 . 0 3 5 0 . 7 7 5 0 . 2 2 5 2
KLBRxx_AU - 3 1 .5 9 1 1 7 . 7 5 8 8 . 3 8 1 1 2 . 7 6 1 0 . 7 1 2 0 . 0 7 7 1 3
KMBLxx_AU - 3 1 .3 7 1 2 1 . 8 8 6 9 . 0 1 8 . 4 0 3 0 . 7 6 2 0 . 0 4 3 1 2
KNAxxx_AU - 1 5 .7 5 1 2 8 . 7 7 2 7 . 8 1 1 9 . 5 3 7 0 .7 0 . 0 9 5 5
KNRAxx_AU - 1 5 .6 8 1 2 8 . 7 6 2 9 . 9 1 2 8 . 6 6 1 0 . 7 2 7 0 . 0 3 7 15
LCRKxx_AU - 3 0 .4 5 1 3 8 . 2 2 7 0 . 6 0 3 8 . 0 3 6 0 . 7 8 8 0 . 1 4 9 4
LP02xx_7J - 2 4 .9 6 1 1 4 . 8 8 6 6 .5 1 .3 5 0 .3 1
LP05xx_7J - 2 1 .5 6 1 1 5 . 8 9 5 2 .5 1 .5 1 .0 7 5 0 . 0 2 5 2
M ABGxx_AU - 3 4 .0 7 1 5 0 . 7 6 1 4 0 2 0 .9 5 0 . 0 7 1
MEEKxx_AU - 2 6 .6 4 1 1 8 . 6 1 5 2 . 9 6 7 . 5 6 3 1 .3 1 0 . 0 5 3 5
MGCDxx_AU - 3 3 .2 1 1 5 1 . 1 1 1 6 . 1 0 1 1 4 . 1 5 9 0 .7 5 0 . 0 7 6 5
MILAxx_AU - 3 7 .0 5 1 4 9 . 1 5 1 2 3 . 6 2 8 1 2 . 5 2 3 0 . 6 7 9 0 . 1 1 7
M O O xxx_A U - 4 2 .4 4 1 4 7 . 1 9 1 3 2 1 1 .2 0 .1 2
M O RW xx_A U - 2 9 .0 7 1 1 6 . 0 4 5 4 . 2 2 1 5 . 9 3 3 0 . 9 6 7 0 . 0 9 9 6
M TNxxx_AU - 1 2 .8 4 1 3 1 . 1 3 1 4 .2 3 1 6 . 0 7 6 0 . 7 9 8 0 . 0 4 3 3 0
M T SUxx_AU - 1 8 .1 5 1 4 4 . 3 2 0 . 0 9 5 1 4 . 3 7 1 0 . 5 3 5 0 . 0 2 4 5 1
M ULGxx_AU - 3 0 .2 8 1 3 4 . 0 6 8 3 . 5 5 8 7 . 7 3 1 .0 3 8 0 . 0 4 4 2 1
M U N xxx_A U - 3 1 .9 8 1 1 6 . 2 1 8 9 3 .5 0 .8 0 .1 5 1
NTLHxx_AU - 3 2 .9 1 5 1 . 7 3 6 2 .5 1 .4 5 1 .5 1
N W A O xx_A U - 3 2 .9 3 1 1 7 . 2 4 1 0 8 .5 8 . 5 6 4 0 .6 0 .0 5 2
NW AOxx_IU - 3 2 .9 3 1 1 7 . 2 4 1 0 4 . 6 5 6 4 . 7 2 1 0 . 6 8 3 0 . 0 4 6 6
OKDLxx_AU - 3 4 .0 7 1 5 0 . 4 8 1 6 3 3 3 . 7 3 0 . 7 7 5 0 . 0 7 5 2
O O D xxx_A U - 2 7 .7 9 1 3 5 . 6 9 7 7 . 0 9 5 1 5 . 1 0 6 0 . 8 7 5 0 . 1 4 9 6
P SA 00x_A U - 2 1 .5 7 1 1 9 . 8 5 7 7 2 2 .5 0 .4 5 0 .7 1
PSAA1x_AU - 2 1 .5 8 1 1 9 . 8 4 7 8 2 2 .5 0 .4 5 0 .8 1
PSAA2x_AU - 2 1 .5 6 1 1 9 . 8 5 4 9 2 2 .5 0 .4 5 0 .6 5 1
PSAA3x_AU - 2 1 .5 8 1 1 9 . 8 5 5 6 9 . 0 7 6 0 .8 0 .4 5 2
PSAB1x_AU - 2 1 .5 7 1 1 9 . 8 2 4 9 . 6 5 7 4 . 6 5 0 . 9 1 7 0 . 2 8 9 3
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Table S2. Station-Averaged Splitting Parameters. (cont.)
PSAB2x_AU - 2 1 .5 5 1 1 9 . 8 6 5 4 2 0 .5 0 .4 0 . 3 3 1
PSAB3x_AU - 2 1 .5 9 1 1 9 . 8 5 6 7 1 6 0 .9 0 .4 1
PSAC1x_AU - 2 1 .5 3 1 1 9 . 8 1 5 8 9 . 0 7 6 0 . 4 2 5 0 . 0 2 5 2
PSAD1x_AU - 2 1 .4 5 1 1 9 . 8 3 5 5 .5 0 .5 1 .2 5 0 .0 5 2
PSAD2x_AU - 2 1 .6 2 1 1 9 . 9 6 7 3 7 .5 1 .8 5 0 . 5 3 1
QISxxx_AU - 2 0 .5 6 1 3 9 . 6 1 1 7 3 .5 1 3 . 2 4 1 0 .8 0 . 0 5 5 1 4
QLPxxx_AU - 2 6 .5 8 1 4 4 . 2 4 1 6 3 . 3 9 6 2 6 . 8 7 2 0 .7 2 0 . 0 7 6 1 0
RIVxxx_AU - 3 3 .8 3 1 5 1 . 1 6 7 7 . 3 5 2 3 8 . 4 0 1 0 . 7 7 5 0 . 1 7 5 4
RKGYxx_AU - 3 4 .6 1 1 1 6 . 9 8 7 1 1 .4 1 4 0 .6 5 0 . 0 5 8 3
RM Q xxx_AU - 2 6 .4 9 1 4 8 . 7 6 1 3 6 . 0 1 4 . 4 3 7 0 . 9 9 2 0 . 1 8 9 6
RP02xx_7J - 2 0 .6 3 1 1 8 . 7 2 1 3 6 .5 1 .4 0 .3 5 1
S A 0 8 x x _ 7 B - 2 5 .7 1 1 5 0 . 8 9 3 2 .5 1 1 . 6 6 1 .1 5 0 .4 2
S B 0 6 x x _ 7 B - 3 5 .0 4 1 4 0 . 1 5 7 4 1 8 0 .7 0 . 2 8 1
S B 0 9 x x _ 7 B - 3 2 .2 9 1 4 6 . 8 6 1 7 4 6 .5 0 .9 5 0 .1 5 1
S C 06xx_7B - 1 9 .1 4 1 2 8 . 1 2 4 0 8 1 .3 0 .3 1
SO C 04x_7K - 3 4 .2 8 1 4 9 . 0 3 1 7 3 1 7 0 .6 5 0 . 2 8 1
SO C 05x_7K - 3 4 .8 1 1 4 7 . 7 3 1 6 5 2 0 0 .7 5 0 . 4 8 1
SO C 08x_7K - 3 2 .5 2 1 3 6 . 5 1 7 5 6 . 0 2 2 0 . 7 7 5 0 . 0 2 5 2
SO C 09x_7K - 3 1 .6 7 1 3 7 . 0 6 6 7 1 4 . 2 9 5 0 . 7 2 5 0 . 1 2 5 2
SO C 10x_7K - 2 9 .7 1 1 3 7 . 0 6 1 0 4 8 .5 0 .7 0 .1 5 1
SO C 12x_7K - 3 1 .0 9 1 3 8 . 6 8 5 4 2 .5 1 .2 0 .1 5 1
SO C 14x_7K - 3 1 .3 9 1 3 9 . 8 1 8 6 .5 1 4 . 8 2 9 0 . 9 2 5 0 . 1 7 5 2
STKAxx_AU - 3 1 .8 8 1 4 1 . 6 9 5 .5 6 . 5 2 8 1 .7 2 5 0 . 1 7 5 2
TO Oxxx_AU - 3 7 .5 7 1 4 5 . 4 9 4 1 . 2 6 2 3 . 9 8 4 1 .0 1 0 . 1 0 9 5
W B 2xxx_A U - 1 9 .9 4 1 3 4 . 3 5 3 . 8 3 7 4 1 . 4 2 0 . 6 2 1 0 . 0 4 2 1 2
W R 0 4 x x _ 7 G - 2 6 .1 9 1 2 1 . 9 3 2 5 8 1 .1 5 0 . 4 3 1
W R 0 7 x x _ 7 G - 2 8 .4 8 1 2 2 . 4 5 1 3 2 2 .5 0 .8 5 1 .1 7 1
W R 0 8 x x _ 7 G - 3 0 .7 2 1 1 8 . 3 5 9 5 1 6 .5 0 .5 5 0 . 1 8 1
WRABxx_II - 1 9 .9 3 1 3 4 . 3 6 1 6 7 . 9 7 5 8 . 8 9 6 0 .5 5 0 . 0 4 1 4
WRKAxx_AU - 2 5 .0 4 1 2 8 . 3 1 7 4 . 4 2 4 4 2 . 5 8 4 0 . 6 8 8 0 . 1 1 4 4
W T 0 4 x x _ 7 G - 3 1 .5 1 1 1 7 . 7 7 9 0 1 3 .5 0 .5 0 .1 5 1
W T 0 5 x x _ 7 G - 3 1 .3 1 1 8 . 3 6 8 4 2 . 0 0 1 0 .6 5 0 .0 5 2
YNGxxx_AU - 3 4 .3 1 4 8 . 4 2 2 .5 1 6 6 . 9 5 7 1 0 .1 2
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Table S3. Mean fast orientations and splitting times for five areas.
Area Mean fast 







A 67.78 ± 30.91 0.86 ± 0.35 30 91
B 9.75 ± 38.64 0.80 ± 0.29 19 175
C 68.47 ± 19.39 0.95 ± 0.27 18 82
D 68.37 ± 9.74 0.94 ± 0.12 8 40
E 42.47 ± 56.61 0.95 ± 0.27 41 123
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In this study, we use 37,524 high-quality receiver functions from 182 seismic 
stations to map the topography of the 410 and 660 discontinuities beneath the Australian 
continent. When the 1-D IASP91 Earth model is used for moveout correction and time- 
depth conversion, the resulting apparent depths of the d410 beneath eastern Australia is 
about 5 km deeper than normal, and that beneath the central and western Australia is 10 
km shallower than normal, suggesting slower and faster mean upper mantle wavespeeds 
beneath eastern and central/western Australia, respectively. After correcting the apparent 
depths using AuSREM, the systematic difference between the two areas reduces, and 
anomalous thermal and wavespeed conditions in the MTZ for three of areas can be 
extracted from the wavespeed-corrected depths. The deeper than normal d410 and the 
thin MTZ beneath the West Australian Craton are similar to what has been reported 
beneath some other continental margins and may present a transition from a hotter than 
normal oceanic MTZ to the normal MTZ beneath central Australia. Beneath eastern 
Australia, the thicker than normal MTZ provides independent support for the existence of 
cold slabs in the MTZ. The normal MTZ thickness beneath the Newer Volcanics 
Province is consistent with the non-plume mechanism of the intraplate volcanic chain 
beneath eastern Australia.
The complex seismic azimuthal anisotropy beneath the Australian continent is 
revealed by systematic spatial variations of the observed splitting parameters using shear 
wave splitting analysis. The difference of the fast orientations and APM direction and the
spatial coherency analysis suggest that the anisotropy beneath Australia is caused by 
several factors, including the APM induced mantle flow, the keel-deflected flow system 
around the lithosphere roots, and lithospheric fabrics resulted from horizontal 
compression. The South Australian Craton and the orogenic belt north of it posses strong 
E-W oriented lithospheric anisotropy with a lithospheric contribution of 2 s to the 
splitting times, while APM induced N-S oriented anisotropy dominates in the North 
Australian Craton. The western, southern, and eastern margins of the continent are 
dominated by root-deflected mantle flow that produces margin-parallel fast orientations. 
The relative strength and approximate orthogonality of the APM induced anisotropy and 
frozen-in lithospheric fabrics provide a viable explanation for the puzzling observation of 
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